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EXECUTIVE SUMMARY

Since the signing of the Hanford Federal Facility Agreement and Consent Order (Tri-
Party Agreement) in 1989, the parties to the agreement have recognized the need to modify
the approach to conducting investigations and studies at Hanford with a goal of maximizing
efficiency, optimizing use of limited resources, and achieving cleanup in the earliest possible
time frame. To implement this approach, the parties have jointly developed the Hanford Site
Past Practice Strategy (DOE-RL 1991d). The principles of the strategy are embodied in the
Hanford Federal Facility Agreement and Consent Order Change Package, dated May 13,
1991 (Ecology et al. 1991).

An important aspect of the past practice strategy and its associated TPA change
package recognizes that the Hanford Site presents a number of unique circumstances that call
for innovative approaches to conducting investigations and feasibility studies (FS). The 100
Area has been divided into 25 operable units (OU) based largely on location. While these
units are separated geographically, they all contain sites which are very similar with regard
to types of contaminants and methods of disposal. Consequently, the Hanford Site Past
Practice Strategy as applied to the 100 Area defines an aggregate approach to evaluate groups
of sites based on their similarity, as opposed to their geographical location and operable unit
designation.

Thus the 1991 TPA change package mandates that, rather than performing separate
feasibility studies for each of the 100 Area OUs, the feasibility studies should evaluate
remedial alternatives for the entire 100 Area. To meet this objective, the change package
called for three "base" reports which would consider: 1) source operable units (except 100-N
Area), 2) groundwater operable units, and 3) 100-N Area, as it is distinctly different from
the other 100 Areas. The 100 Area feasibility study presented in this document meets the
objectives of the change package; however, the approach is further streamlined by
condensing the "base" studies into a single document to avoid having to duplicate large
amounts of common information, but at the same time provide separate sections to address
definition of remedial alternatives by either media or area. This not only reduces the cost of
document preparation, but also shortens the review times and reduces the potential for
document inconsistencies as a result of separate reviews. This document separates the
studies by three media: solid wastes, soil/riverbank sediments, and groundwater. Riverbank
sediments are that portion of the vadose zone, on the shore of the river, which are
contaminated as a result of fluctuating groundwater levels near the river. Additionally, the N
Area is treated as a separate site based on its somewhat unique characteristics, making a total
of four types of sites or units evaluated.

This 100 Area Phase I/II FS is built around existing data. In a typical Remedial
Investigation/Feasibility Study (RI/FS), the Phase I/lI FS is not completed until the RI Phase
I is complete, although the Phase I/II FS is often started while the Phase I RI is being
conducted. However, for the 100 Area, the size of the existing site characterization database
is larger than the end result of many RIs and is adequate for identifying and screening
remedial alternatives. Use of existing data to initiate and expedite the FS process is
consistent with the past practice strategy. New site characterization data, while important for
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later detailed analysis, would not likely affect the outcome of the alternatives development
and screening phases. Finally, waiting for Limited Field Investigation (LFI) data to start the
FS process would cause unacceptable schedule delays in starting subsequent programs such
as treatability studies.

The 100 Area Phase I/H FS evaluates the known characteristics of the Hanford 100
Area and identifies the range of remedial alternatives that are most appropriate for protection
of human health and the environment for the entire aggregate area. The purpose of the 100
Area FS is to:

* Provide a more generalized view of applicable and workable remedial technologies
as applied to the site contamination problems as a whole

* Evaluate groups of sites based on similarity, as opposed to geographical location
and operable unit designation

. * Develop and screen remedial alternatives to be used in the detailed analysis phase
in focused feasibility studies for Interim Remedial Measures (IRMs) or final FSs
for individual operable units.

BACKGROUND

Four areas of the Hanford Site (the 100, 200, 300, and 1100 Areas) have been
included on the EPA's National Priorities List (NPL) under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA).

The Hanford Site is a 560 mi2 (1,434 km2) tract of land located in the south-central
portion of the State of Washington in the counties of Benton, Franklin, and Grant. The 100
Area lies along the southern shoreline of the Columbia River at the north end of the Hanford
Site (See Figure 1-1).

Between 1943 and 1962, nine water-cooled, graphite-moderated plutonium production
reactors were built along the shore of the Columbia River upstream from the now-abandoned
town of Hanford. Eight of these reactors (B, C, D, DR, F, H, KE, and KW) are retired
from service and are under evaluation for decommissioning. The ninth reactor, N, was
recently taken out of standby status and will be retired.

Waste disposal practices associated with operations of the 100 Area reactors resulted
in substantial releases of contamination to both soil and groundwater media in the vicinity of
the reactors. The major sources of contamination stem from the use of large amounts of
cooling water, which flowed through the reactor core. This cooling water was often
contaminated with significant concentrations of radionuclides. As a result of leaks in the
spent cooling water transfer systems and as a result of intentional water disposal in cribs and
trenches, significant volumes of soil and underlying groundwater have become contaminated.
In addition, solid wastes contaminated primarily with radionuclides were buried in unlined
trenches.
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Solid and liquid waste disposal units and groundwater plumes constitute the 100 Area
past practice OUs. However, reactor and other major buildings are excluded from the past
practice OUs. These will be decommissioned as part of the Surplus Reactors
Decommissioning Program and are thus outside the scope of this FS.

Since shutdown of the production reactors, limited environmental investigations have
been performed to characterize the nature and extent of the contamination. Such
investigations, while not totally definitive, especially for non-radiological contaminants, have
provided a reasonably solid database upon which studies of remedial approaches can be
performed. The compilation of existing information on waste releases and environmental
sampling is summarized in this report and forms the basis for conducting these phases of the
feasibility study.

SUMMARY OF THE FEASIBILITY STUDY

The 100 Area Phase I/II FS consists of four principal tasks:

" Identify contaminants of concern for the media of concern

* Identify applicable or relevant and appropriate requirements (ARARs) pertinent to
all general response actions including waste disposal

" Develop remedial alternatives (Phase I) applicable to the 100 Area including
development of remedial action objectives, development of general response
actions, identification and screening of technologies and process options, and
assembly of remedial alternative from representative technology types

* Screen alternatives (Phase II) developed in Phase I for implementability,
effectiveness, and costs to identify those alternatives which warrant advancement to
the detailed analysis phase of future focused feasibility studies.

Seven sections are included in this FS report. Section 1.0 provides an introduction
which also includes a summary of background and existing data, including:

* A history of 100 Area operations and descriptions of facility characteristics and
waste generating processes

" Physical setting including such aspects as geology, hydrogeology, meteorology,
environmental resources, etc.

" Nature and extent of contamination in the media of concern.

The sources of contaminants in the 100 Area consist of reactor cooling water effluent
treatment, transfer, and disposal systems; sanitary sewage treatment, transfer, and disposal
systems; solid waste burial grounds (including decommissioned facility sites); fuel fabrication
waste handling areas; miscellaneous unplanned release areas; chemical storage areas;
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maintenance and decontamination areas; and experimental laboratory disposal areas. The
major contaminants in the 100 Area are the radionuclides directly associated with reactor
operations. However, as a result of utilities production as well as decontamination and
maintenance operations, both organic and inorganic chemicals were used and disposed of,
resulting in soil and groundwater chemical contamination. While substantial sampling data
exist for radionuclide contamination, data on non-radiological contamination are somewhat
limited. The major radiological contaminants present in the 100 Area environmental media
include:

" Tritium
" Cobalt-60
* Strontium-90
" Cesium-137
" Europium-152/154/155
" Uranium-235/238
" Plutonium-239/240.

Chemical contaminants disposed to 100 Area soils as part of the liquid waste streams
include, but are not limited to:

o Chromium from sodium dichromate added to reactor cooling water
* o Decontamination fluids containing chromic, citric, oxalic, nitric, and sulfuric acids

e Mercury from manometers and thermometers
* PCBs from electrical equipment.

Solid wastes included irradiated components from the reactor such as graphite,
thimbles, control rods, spacers, and process dummies as well as incidental soft wastes such
as clothing and rags. In addition, decontamination and decommissioning activities created
solid waste in the form of demolition materials which were buried in the 100 Area.

Section 2.0 of the report provides an assessment of contaminants of concern for the
100 Area. Since a baseline risk assessment has not yet been performed for the 100 Area,
one objective of this study was to provide a uniform methodology for determining potential
contaminants of concern to use as a starting point for developing remedial alternatives. The
determination of potential contaminants of concern was conducted in two phases as follows:

" The identification of regulatory contaminants of concern by comparing
concentration data for radiological and/or chemical substances potentially released
in the 100 Area with background concentrations and established regulatory limits

* Evaluation of the toxicological significance of each regulatory contaminant of
concern.

Decision logic diagrams were developed to determine the regulatory contaminants of
concern. (Figures 1 and 2 of Appendix A) Contaminants which the data showed were below
background were included on a suspect contaminant list, i.e., future characterization data
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TABLE 1: POTENTIAL CONTAMINANTS OF CONCERN FOR THE 100 AREAS

RADIONUCLIDES METALS OTHER VOCs OTHER
INORGANIC ORGANICS

COMPOUNDS/IONS i1

Tritium Arsenic Ammonium/Ammonia Acetone Acetic Acid
Carbon-14 Barium Asbestos Benzene Bis (2-ethyhexyl)
Calcium-41 Beryllium Chlorine Chlorobenzene phthalate
Cobalt-60 Boron Cyanide Chloroform Ethylenediamine
Nickel-63 Cadmium Fluoride Ethylbenzene Formic Acid
Selenium-79 Chromium Nitrate Methylene Chloride Hydrazine
Krypton-85 Lead Nitrite Methyl Isobutyl PCBs
strontium-90 Manganese Phosphoric Acid Ketone Petroleum
Zirconium-93 Mercury Perchloroethylene Products
Niobium-94 Vanadium Trans -1,2- Thiourea
Technetium-99 Dichloroethene
Palladium-107 Trichloroethene
Cadmium-113 Xylenes
Antimony-125
Iodine-129
Cesium-134
Cesium-137
Samarium-151
Europium-152
Europium-154
Radium-226/228
Uranium-235/238
Plutonium-238
Plutonium-239/240
Plutonium-241
Americium-241

Note: Does not include suspect contaminants. Refer to Section 2.0 for breakdown of contaminants of concern by

may warrant their inclusion as contaminants of concern. The qualitative toxicity assessment
further refined the contaminants of concern determination by evaluating the toxicological
significance of each regulatory contaminant of concern. The end product of this effort was a
list of potential contaminants of concern and suspect contaminants for sources, groundwater,
and the 100-N Area (presented in Section 2.0 and in Appendix A). A composite list,
including the potential contaminants of concern only, is provided in Table 1 below.

Section 3.0 documents the results of the effort to identify potential ARARs.
Three categories of ARARs are defined in the U.S. Environmental Protection Agency
document titled CERCLA Compliance with Other Laws Manual (EPA, 1988c): chemical-
specific, location-specific, and action-specific ARARs. Table 2 lists some of the more
prominent potential ARARs for the 100 Area. Determination of ARARs is an iterative
process and thus the list of potential ARARs will be refined with additional data from future
100 Area investigations and studies.
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Section 4.0 documents the Phase I effort to identify and screen remedial technologies
and process options. This section also identifies remedial action objectives (RAOs), remedial
action goals and general response actions (GRAs), and provides estimates of areas and
volumes of contaminated materials.

TABLE 2: POTENTIAL FEDERAL AND STATE ARARs FOR THE 100 AREA

CHEMICAL SPECIFIC ACTION SPECIFIC LOCATION SPECIFIC

Safe Drinking Water Act Clean Air Act Clean Water Act

Clean Water Act Resource Conservation and National Flood Insurance
Recovery Act (RCRA) Program

State of Washington Clean Water Act Endangered Species Act
Ground Water Quality
Standards

Model Toxics Control Act Hazardous Waste RCRA
Management Act

Clean Air Act Water Pollution Control Act Bald Eagle Protection
Rules

Model Toxics Control Act

State air pollution regulations

Note: To-be-considered materials (TBCs) are not included. Additional ARARs are
presented in Section 3.0 and Appendix B.

The media of interest for the RAOs include soils, groundwater, riverbank sediments,
solid wastes generated during site remediation activities. The same media and RAOs apply
to the 100-N Area as well.

Remedial action goals are the target cleanup levels which satisfy the RAOs, and as
such, are considered a subset of RAOs. These cleanup levels are driven by risk assessments
and/or ARARs. In lieu of site-specific investigation and risk assessment data, assumptions
were made to develop remedial goals. While the use of assumptions instead of site-specific
data provides for a greater level of uncertainty, preliminary RAOs and remedial action goals
can still be developed to a degree adequate for the Phase I/1I alternatives development.
However, site-specific data and definitive risk assessments will be necessary for future
detailed analysis of alternatives. For purposes of this Phase I/II FS, the preliminary remedial
action goals are based primarily on state and federal regulatory limits (potential ARARs)
along with selected assumptions regarding cleanup levels as developed in the Hanford Past
Practice Site Cleanup and Restoration Conceptual Study (WHC 1991c).

vi
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Estimates of volumes of contaminated media were based primarily upon values
presented in the 100 Area Hanford Past Practice Site Cleanup and Restoration Conceptual
Study (WHC 1991e).

General response actions were identified as follows:

" No Action
" Institutional Actions
* Containment Actions
* Removal/Disposal Actions
" In situ Treatment Actions
" Removal/Treatment/Disposal Actions

The identification and screening of technologies considered the universe of technology
types that would be potentially applicable to the identified general response actions.
Technologies include general categories such as chemical treatment, thermal treatment,
stabilization/solidification, or capping. Within each technology category are process options.
Examples of process options within the chemical treatment technology category include
precipitation, ion exchange, and oxidation/reduction.

Potentially-feasible, media-specific technologies and process options were identified
for each of the GRAs by compiling information obtained from EPA documents, reference
program sources, personal interviews, and other relevant technical references.

Technologies and process options were initially screened in the Phase I FS to
eliminate those that are not technically implementable for the site conditions or contaminants
encountered in the 100 Area. This first screening step only considered whether a technology
and/or process option can be effectively implemented at the site, based on an assessment of
existing site data on both contaminant types/concentrations and site characteristics.

A second screening step was performed on technologies/process options which
considered effectiveness as a primary criterion with implementability (now including
administrative implementability) and cost considered as secondary criteria.

Technologies and process options were identified for three media: solid wastes,
groundwater, and soils/riverbank sediments. While the 100-N Area has been set apart as a
separate medium in this FS, analysis of the applicability of technologies and process options
indicated that there are no unique features of the 100-N Area which would present
technologies or options differing from the three basic media which have been considered.

Section 5.0 documents the Phase II effort to 1) assemble screened technologies and
process options into area-wide alternatives and 2) screen the alternatives with respect to
implementability, effectiveness, and cost to arrive at a list for advancement to future focused
feasibility studies.

vii



DOE\RL-92-11
Draft A

In Phase II of the FS, the list of technologies and process options which passed the
Phase I screening steps was used to assemble 27 alternatives representing the entire range of
general response actions as well as treatment and containment combinations. Tables 3, 4 and
5 below list the component technologies and process options for each of the 27 alternatives
for the solid waste, groundwater, and soils media, respectively.

The Phase HI FS also included an alternatives evaluation and screening step. The goal
of the alternatives screening step was to limit the number of alternatives that must undergo
detailed analysis while still preserving the range of response actions and technologies to be
considered. Each of the 27 alternatives was described in sufficient detail such that they could
be evaluated in the alternatives screening step. Descriptions were based upon the general
process information developed for each technology/process option in Phase I. In addition,
each alternative was described in view of known site conditions, contaminant ranges,
volumes of contaminated media, and other factors.

In accordance with the CERCLA FS process (EPA 1988), each alternative was
evaluated against established criteria. The criteria are essentially the same as used for
technology screening, i.e., implementability, effectiveness, and cost. However, in the
alternatives evaluation stage, the criteria were now viewed in more detail, considering more
site-specific conditions, and as applied to the integrated remedial solution rather than to just a
portion of the solution. The CERCLA evaluation criteria are listed as follows:

Effectiveness:

" Short-term protection of human health
" Short-term protection of the environment
" Long-term protection of human health
" Long-term protection of the environment
" Reduction of mobility, toxicity, or volume reduction.

Implementability - technical feasibility:

" Constructability
* Operational reliability
" Maintenance.

Implementability - administrative feasibility:

" Agency approvals
" Availability of services
" Specialized equipment and personnel.

Cost - relative cost:

The alternative evaluation step culminated in a formal scoring process to provide a
numerical qualification of how each alternative met the evaluation criteria. An alternative's
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rating against a specific criterion was not a pass/fail situation but an indication of the degree
to which the alternative meets the criterion. This degree, which considers the balance of
pros and cons for each factor, is represented by a simple 1 to 5 scale, where "1" (poor)
suggests that the criterion is not met at all while "5" (excellent) suggests that the criteria is
met very well.

The scoring was performed independently by nine individuals who made up the FS
project team. Multiple scoring was done to reduce the influence of personal bias in the final
results. The individual scores were then averaged to form an initial composite alternative
ranking score. The guidance document (EPA 1988a) directs that the effectiveness criterion
should be weighted more heavily than implementability and cost criterion.

ix
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TABLE 3: 100 AREA ALTERNATIVES FOR SOLID WASTES

TECHNOLOGY/PROCESS OPTION NO INSTITUTIONAL CONTAINMENT REMOVALI DISPOSAL IN SITU REMOVAL/
ACTION ACTION ACTION ACTION TREATMENT TREATMENT/

ACTION DISPOSAL
ACTION

ALTERNATIVE NUMBER Sw-I SW-2 SW-3 SW-4 SW-5 SW-6 sw-7 SW-J8 SW-9 Sw-10

Monitoring (100 Area Groundwater)

Access Restrictions

Deed Restrictions

Run-on/Run-off Control

Capping: Hanford Barrier

Capping: RCRA Multi-media Cap _ _ e *

Removal: Excavation/Demolition e

Onsite Disposal: Vault, Trench

Onsite Disposal: Vault, RCRA Landfill *

Offsite Disposal *

Physical Treatment: Dynamic
Compaction

Stabilization/Solidification: Vibration-
Aided Grout Injection

Treatment: Thermal Desorption *

Treatment: Size Reduction by
Compaction

Stabilization/Solidification: Cement-
based

Treatment: Incineration *

Stabilization/Solidification: Bitumen-
based _________

* Indicates technology/option is selected for the alternative

0
0

N
I-.
I-.
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TABLE 4: 100 AREA ALTERNATIVES FOR GROUNDWATER

TECHNOLOGY/PROCESS OPTION NO ACTION INSTITUTIONAL CONTAINMENT IN SITU REMOVAL/TREATMENT/
ACTION ACTION TREATMENT DISPOSAL ACTION

I I_ ACTION

ALTERNATIVE NUMBER GW-1 GW-2 GW-3 GW-4 GW-5 GW-6

Monitoring

Water-rights Restrictions

Deed Restrictions

Alternate Water Supply

Vertical Barrier: Slurry Walls

Hydraulic Control: Extraction Wells

Biological Treatment: Biodenitrification

Physical Treatment: In Situ Air Stripping
Removal: Extraction Wells

Chemical Treatment: Chem. Oxidation

Chemical Treatment: Precipitation

Chemical Treatment: Chemical Reduct.

Physical Treatment: Media Filtration

Physical Treatment: Ion Exchange

-Stab./Solidif.: Cement-based

Disposal: Reinjection into Aquifer

Physical Treatment: Air Stripping

Physical Treatment: Forced Evaporation

Physical Treatment: Reverse Osmosis

Disposal: Crib Disposal

* Indicates technology/option is selected for the alternative

0

0
0

Otri
-S -

t'3
I-.



TABLE 5: 100 AREA ALTERNATIVES FOR SOIL/RIVERBANK SEDIMENTS

TECHNOLOGY/PROCESS OPTION NO INSTITUT. CONTAIN. REMOVAL/ IN SITU REMOVAL/
ACTION ACTION ACTION DISPOSAL TREATMENT TREATMENT/

ACTION ACTION DISPOSAL
I ACTION

ALTERNAT SS-1 SS-2 SS-3 SS-4 SS-5 SS-6 SS-7 SS-8 SS-9 SS-10 SS-11

Monitoring (100 Area Groundwater)

Access Restrictions

Deed Restrictions

Run-on/Run-off Control: Grading,
Diversionlcollection, Revegetation _____

Capping: Hanford Barrier * * * * *

Capping: RCRA Multi-media Cap _ _ _ e

Removal: Excavation/Demolition a

Onsite Disposal: Vault, Trench

Onsite Disposal: Vault, RCRA Landfill

Offisite Disposal ____ ____

Biological Treatment: Biodlenitrification

Stabilization/Solidification: Vitrification

Physical Treatment: Steam Stripping

Physical Treatment: Vapor Extraction

Thermal Treatment: Thermal Desorption * *

Physical Treatment: Soil Washing by
Attrition Scrubbing __________ _____

Chemical Treatment: Soil Washing by
Chemical Leaching

* Indicates technology/option is selected for the alternative

0

x
U

e
0
tri

0s
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For the purposes of this feasibility study, this was accomplished by first normalizing
the sum of individual factors for each criterion to 100 (for example, a total of "25" was
possible for the five factors considered for evaluating effectiveness; the effectiveness score
was normalized by multiplying the new score by 4), and then by weighting (multiplying by a
weighting factor).

The evaluation criteria were weighted as follows:

Weight

" Effectiveness 0.6
" Implementability 0.3
* Cost 0.1

Total -.O

The decision to discard alternatives at this point was made on the basis of retaining a
broad range of general response actions for detailed analysis. This is deemed necessary for
this particular feasibility study due to an incomplete set of input parameters that are specified
in the guidance document for traditional feasibility studies. Alternatives recommended for
consideration at the detailed analysis/focused feasibility study levels cover the spectrum of all
potential remedial actions from "no action" (which would be applicable only if a risk
assessment indicates acceptability of such an approach) to removal, treatment, and disposal
actions, which reduce uncertainty and risk but at a high cost.

Based on composite scores, alternatives were selected which are considered
representative of the range of general response actions for future FS evaluations. These are
listed in Table 6 below.

The retained alternatives may serve as a baseline from which to evaluate the future
impact of site characterization data and risk assessment results. Note that alternatives (and
technologies) that were not retained may be revisited at any time as new information
warrants, in accordance with FS guidance.

While the CERCLA Phase I/II FS process provides a rational process for developing
and screening remedial alternatives, it is important to note that all this is done in the absence
of a baseline risk assessment to comprehensively evaluate the inherent risks posed by the
contamination. The baseline risk assessment will be a part of future studies. The Phase I/II
process also does not allow much consideration of cost. Thus, the true cost/risk reduction
benefit of each alternative has not yet been evaluated. This is an essential element in the
ultimate decision-making process. While protection of human health and the environment is
of utmost importance, the final remedial solutions must be found to be cost effective in view
of their benefit to true risk reduction.

Section 6.0 of this report discusses development of a Treatability Study Program Plan
for conducting treatability studies needed to support further analysis of remedial technologies.

xiii
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This section also provides an outline of the RI/FS program steps needed to advance the
feasibility study process through future detailed analysis efforts to be conducted as part of
FSs for OUs and/or IRMs.

In general, treatability studies are conducted for two purposes:

" To gather sufficient data to allow treatment alternatives to be fully developed and
evaluated during the detailed analysis and to support detailed design of a selected
alternative

* To reduce cost and performance uncertainties for treatment alternatives to
acceptable levels so that a remedy can be selected.

The data collected from the treatability studies may provide information to help
determine the following:

* Potential effectiveness in achieving target cleanup levels
* Contaminant removal (or destruction) efficiencies
* Achievable processing rates
* Selection of process reagents or additives, and formulations
* Pretreatment or post-treatment requirements for waste streams
* Treated-waste disposal requirements.

xiv



DOE\RL-92-11
Draft A

Table 6
Phase H Screening Results
Recommended Alternatives

Media Retained Description
AlternativeI

Solid Waste SW-1 No Action General Response: No Action

SW-2 Institutional Controls General Response: Access/Deed
Restrictions

SW-3 Containment Response: Run-on/run-off Control; Hanford
Barrier/RCRA Multi-media Cap

SW-4 Removal/Disposal Response: Excavation/Demolition;
Vault/Trench Disposal; Hanford Barrier/RCRA Multi-
media Cap

SW-7 In situ Treatment Response: Dynamic Compaction;
Vibration-aided Grout Injection; Hanford Barrier/RCRA
Cap

SW-9 Removal/Treatment Disposal Response:
Excavation/Demolition; Thermal Desorption; Compaction;
Cement Based Stabilization/Solidification; Vault/Trench
Disposal; Hanford Barrier

Groundwater GW-1 No Action General Response: No Action

GW-2 Institutional Controls General Response: Water
Rights/Deed Restrictions; Alternate Water Supply

GW-3 Containment Response: Slurry Walls; Extraction Wells

GW-4 In situ Treatment Response: Biodenitrification; Air
Stripping

GW-5 Removal/Treatment/Disposal Response (based on chemical
treatment): Extraction Wells; Biodenitrification; Chemical
Oxidation; Chemical Precipitation; Chemical Reduction;
Media Filtration; Ion Exchange; Cement-based
Stabilization/Solidification; Aquifer Reinjection

GW-6 Removal/Treatment/Disposal Response (based on physical
treatment): Extraction Wells; Biodenitrification; Media
Filtration; Reverse Osmosis; Evaporation; Cement-based
Stabilization/Solidification; Crib Disposal
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Table 6
Phase H Screening Results
Recommended Alternatives

Media Retained Description
Alternative

Soils/ SS-1 No Action General Response: No Action
Riverbank SS-2 Institutional Controls General Response: Access/Deed
Sediments Restrictions

SS-3 Containment Response: Run-on/run-off Control; Hanford
Barrier/RCRA Cap

SS-4 Removal/Disposal Response: Excavation/Demolition;
Vault/Trench Disposal; Hanford Barrier/RCRA Multi-
media Cap

SS-8 In situ Treatment Response: In situ Vitrification

SS-10 Removal/Treatment Disposal Response:
Excavation/Demolition; Thermal Desorption; Soil
Washing By Attrition Scrubbing; Vitrification
Stabilization/Solidification; Vault/Trench Disposal;
Hanford Barrier
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ACRONYMS, ABBREVIATIONS AND INITIALISMS

ALARA As Low As Reasonably Achievable
A/PEG alkali metal/polyethylene glycols
ARAR applicable or relevant and appropriate requirement
BCY bank cubic yards
CAA Clean Air Act
CERCLA Comprehensive Environmental Response, Compensation, and

Liability Act
CFR Code of Federal Regulations
Ci Curie
cm centimeter
cm/sec centimeters per second
CPP CERCLA past-practice
CRBG Columbia River Basalt Group
CSF Cancer slope factor
CWA Clean Water Act
D&D Decontamination and Decommissioning
DOE Department of Energy
DQO Data quality objective
DWPF Defense Waste Processing Facility
Ecology Washington Department of Ecology
EP extraction procedure
EPA Environmental Protection Agency
ERA expedited response action
EHW extremely hazardous waste
FFS focused feasibility study
FS feasibility study
ft foot, feet
ft/day feet per day
gal gallon
GCD Greater confinement disposal
gpd gallons per day
gpm gallons per minute
GRA general response action
g gram
HEAST Health Effects Assessment Summary Tables
HI hazard index
HLW high-level waste
HMS Hanford Meteorology Station
HQ hazard quotient
HSBRAM Hanford Site Baseline Risk Assessment Methodology
HSWA Hazardous and Solid Waste Amendments
HWMA Hazardous Waste Management Act
HWVP Hanford Waste Vitrification Plant

xvii
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ACRONYMS, ABBREVIATIONS AND INITIALISMS (Cont)

ICR incremental lifetime cancer risk
IRIS Integrated Risk Information System
IRM interim response measure
kg kilogram
km kilometer
L liter
LCF loose cubic feet
LCY loose cubic yards
LDR Land disposal restrictions
LFI limited field investigation
LLW low-level waste
m meter
Ma million years ago
MCL maximum contaminant level
MCLG maximum contaminant level goal
mCi milli-Curie
mg milligram
mg/kg milligrams per kilogram
mi mile
mR/hr milli-rads per hour
mrem milli-rem (radiation equivalent man)
mrem/hr milli-rem per hour
mrem/yr milli-rem per year
msl mean sea level
MTCA Model Toxics Control Act
nCi nanocurie
NCP National Contingency Plan
NPDES National Pollutant Discharge Elimination System
NPL National Priorities List
NTS Nevada Test Site
OU operable unit
PCB polychlorinated biphenyl
pCi/g picocuries per gram
pCi/L picocuries per liter
PNL Pacific Northwest Laboratory
ppb parts per billion
ppm parts per million
QA/QC Quality Assurance/Quality Control
R&D research and development
RA risk assessment
RAAS Remedial Action Assessment System
RAGS Risk Assessment Guidance for Superfund
RAO remedial action objective
RCRA Resource Conservation and Recovery Act
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RCW
RF
RfD
RFI/CMS
RI
RI/FS
RL
ROD
RPP
SARA
SDWA
SITE
SSM
TBC
TPA

TRU
TSCA
TSD
UIC
UMTRA
UNC
UST
/Ci
pg/g
pg/L
pR/h
VOC
WAC
WHC
WIDS
WIPP
WPPSS
WVDP
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Revised Code of Washington
radio frequency
Reference dose
RCRA Field Investigation/Corrective Measures Study
remedial investigation
remedial investigation/feasibility study
Richland Field Office
Record of Decision
RCRA past-practice
Superfund Amendments and Reauthorization Act
Safe Drinking Water Act
Superfund Innovative Technology Evaluation
shallow soil mixing
to-be-considered
Tri-Party Agreement (Hanford Federal Facility Agreement and
Consent Order) *

trans-uranic
Toxic Substances Control Act
treatment, storage and disposal
Underground injection control
Uranium Mill Tailings Radiation Control Act
United Nuclear Corporation
underground storage tank
microcuries
micrograms per gram
micrograms per liter
microrad per hour
volatile organic compound
Washington Administrative Code
Westinghouse Hanford Company
Waste Information Data System
Waste Isolation Pilot Plant
Washington Public Power Supply System
West Valley Demonstration Project
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1.0 INTRODUCTION

Four areas of the Hanford Site (the 100, 200, 300, and 1100 Areas) have been
included on the Environmental Protection Agency's (EPA) National Priorities List (NPL)
under the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA). The location of these areas is shown in Figure 1-1. Under the Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement (TPA)), signed by the
Washington State Department of Ecology (Ecology), the U.S. EPA, and the U.S.
Department of Energy (DOE) (Ecology, et al., 1990a), more than 1000 inactive waste
disposal and unplanned release sites have been grouped into source and groundwater operable
units. These operable units contain contamination in the form of solely hazardous waste,
solely radioactive waste, radioactive mixed waste, and other CERCLA hazardous substances.
Also included within the TPA are 64 Resource Conservation and Recovery Act (RCRA)
treatment, storage, or disposal (TSD) units which will be closed or permitted to operate in
accordance with RCRA regulations under the authority of Chapter 173-303 of the
Washington Administrative Code (WAC). Some of these TSD units are included within the
operable units (OU).

The TPA requires that the cleanup programs at Hanford integrate the requirements of
CERCLA, RCRA, and Washington's Dangerous Waste Program (the state's RCRA
equivalent). The EPA maintains authority for CERCLA, and Ecology implements RCRA
under the authority of the state's dangerous waste program. The state has also received
authorization to implement the EPA's radioactive mixed waste program. The state does not
yet have authority to implement the most recent amendments to RCRA, the Hazardous and
Solid Waste Amendments (HSWA); this authority remains under EPA. The EPA and
Ecology have determined that the EPA guidance for conducting a remedial
investigation/feasibility study (RI/FS) under CERCLA may be used at the Hanford Site in the
performance of a RCRA facility investigation/corrective measures study (RFI/CMS).
Therefore, although RCRA terminology has been used where appropriate, the content and
format of this feasibility study report conform to EPA guidance for CERCLA activities, even
though the results of the studies may be applied to RCRA past practice operable units or to
RCRA TSD units.

Since the signing of the TPA in 1989, the parties to the agreement have recognized
the need to modify the approach to conducting investigations and studies at Hanford with a
goal of maximizing efficiency, optimizing use of limited resources, and achieving cleanup in
the earliest possible time frame. To implement this approach, the parties have jointly
developed The Hanford Site Past-Practice Strategy (DOE-RL, 1991d). This strategy
document describes the concepts and framework for streamlining the investigation and
remedial study process in a manner that promotes a "bias-for-action" through optimizing the
use of interim remedial actions, culminating with decisions on final remedies on both an
operable-unit and aggregate-area scale. The principles of the strategy are embodied in the
Hanford Federal Facility Agreement and Consent Order Change Package, dated May 13,
1991 (Ecology et al., 1991).

1-1
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An important aspect of the past practice strategy and the associated TPA change
package recognizes that the Hanford Site presents a number of unique circumstances that call
for innovative approaches to conducting investigations and feasibility studies. The 100 Areas
have been divided into 25 OUs based largely on location. While these units are separated
geographically, they all contain sites which are very similar with regard to types of
contaminants and methods of disposal. Consequently, the past practice strategy as applied to
the 100 Area defines an aggregate approach to evaluate groups of sites based on their
similarity, as opposed to their geographical location and operable unit designation. Thus the
1991 TPA change package mandates that, rather than performing separate feasibility studies
for each of the 100 Areas OUs, the feasibility studies should evaluate remedial alternatives
for the entire 100 Area. To meet this objective, the change package called for three "base"
reports which would consider: 1) source operable units (except 100-N Area), 2) groundwater
operable units, and 3) the 100-N Area, as it is distinctly different from the other 100 Areas.

The 100 Area feasibility study presented in this document meets the objectives of the
change package, however, the approach is further streamlined by condensing the "base"
studies into a single document to avoid duplication of common information, while providing
separate sections to address definition of remedial alternatives by either media or area. This
not only reduces the cost of document preparation, but also shortens the review times and
reduces the potential for document inconsistencies as a results of separate reviews. This
document separates the studies by three media: solid wastes, soil/riverbank sediments, and
groundwater. Riverbank sediments are that portion of the vadose zone, on the shore of the
river, which are contaminated as a result of fluctuating groundwater levels near the river.
Additionally, the 100-N Area is treated as a separate site based on its somewhat unique
characteristics making a total of four types of sites or units evaluated in the remedial
alternative evaluation process.

This 100 Area Phase I/1I FS is built around existing data. In a typical RI/FS, the
Phase I/II FS is not completed until the RI Phase I is complete, although the Phase I/ll FS is
often started while the Phase I RI is being conducted. However, for the 100 Area, the size
of the existing site characterization database is larger than the end result of many RIs and is
adequate for identifying and screening remedial alternatives. Use of existing data to initiate
and expedite the FS process is consistent with the past practice strategy. New site
characterization data, while important for later detailed analysis, would not likely affect the
outcome of the alternatives development and screening phases. Finally, waiting for LFI data
to start the FS process would cause unacceptable schedule delays in starting subsequent
programs such as treatability studies.

The 100 Area feasibility study presented in this document completes the FS process
only through the first two study phases: Phase I, Remedial Alternatives Development, and
Phase II, Remedial Alternatives Screening. This Phase I/II study is intended to provide a
more generalized view of applicable and workable remedial technologies as applied to the
site contamination problems as a whole. After collection of more site-specific data for each
OU, focused feasibility studies would then be performed. These studies would either select
interim remedial measures or select final remedies, depending upon the stage of remediation
being evaluated. Thus each focused FS constitutes the detailed analysis phase which

1-3
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completes the FS evaluation process for the targeted remedial action. In addition to the
screened alternatives evaluated in this document, the detailed analysis phases of subsequent
FSs would integrate the results of area-wide studies such as river impact, shoreline,
ecological, cultural resources, treatability, and background studies; as well as, information
from OU-specific limited field investigations (LFI) and risk assessments (RA).

1.1 PURPOSE AND SCOPE

The purpose of this Phase I/I feasibility study is to develop and screen a range of
alternatives for remediation of 100 Area contamination present in solid wastes,
soils/riverbank sediments and in groundwater. Remedial alternatives for the 100-N Area are
to be addressed separately.

Surface water, including the Columbia River, and air contamination are not within the
scope of this study.

The scope of work for this FS includes four primary tasks:

1. Identify contaminants of concern for each media

2. Identify applicable or relevant and appropriate requirements (ARARs) pertinent
to all general response actions (including waste disposal)

3. Develop remedial alternatives (Phase I) applicable to the 100 Area including
development of remedial action objectives (RAO), development of general
response actions (GRA), identification and screening of technologies and process
options, and assembly of remedial alternative, from representative technology
types

4. Screen alternatives (Phase II) developed in Phase I for implementability,
effectiveness, and costs to identify those alternatives which warrant advancement
to the detailed analysis phase of future focused feasibility studies.

Feasibility studies presented in this document are performed in accordance with EPA
guidance contained in Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA, (EPA 1988a).

Key assumptions for preparation of this document are given as follows:

* Performance of the tasks described above are based on existing site data, primarily
as documented in the eleven draft 100 Area OU RI/FS work plans issued
previously (DOE 1990a-e; 1991a-f), and supplemented by existing data given in
other documents for sites not covered by draft work plans. New sampling or
monitoring data produced as a result of current site investigations were unavailable
to meet the FS schedule and are therefore, not incorporated.

1-4
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e All sites in the 100 Area are categorized within one of the four types of sites
identified for this project (solid wastes, soils/riverbank sediments, groundwater, and
the 100-N Area).

* Sampling and monitoring data reported in source documents are assumed to be of
adequate quality to support the FS.

1.2 ORGANIZATION OF REPORT

Seven sections are included in this report, including this introduction.

Section 1.3 summarizes information on background and existing data, including:

* A history of 100 Area operations and descriptions of facility characteristics and
waste generating processes

* Nature and extent of contamination in the media of concern.
* Physical setting including such aspects as geology, hydrogeology, meteorology,

environmental resources, etc.

The information in this section represents a summarized compilation of data obtained
from work plans and other source documents and is not intended as a comprehensive
documentation of data or details. The intent of this section is to summarize the information
in sufficient detail to support the discussion and evaluation of remedial alternatives.

Section 2.0 of the report provides an assessment of contaminants of concern for the
100 Area.

Section 3.0 documents the potential ARARs.

Section 4.0 documents the Phase I effort to identify and screen remedial technologies
and process options. This section also identifies remedial action objectives and general
response actions and provides estimates of areas and volumes of contaminated materials.

Section 5.0 documents the Phase II effort to 1) assemble screened technologies and
process options into area-wide alternatives and 2) to screen the alternatives with respect to
implementability, effectiveness, and cost to arrive at a list for advancement to future focused
feasibility studies.

Section 6.0 discusses development of a Treatability Study Program Plan for
conducting treatability studies needed to support further analysis and design of remedial
systems. This section also provides an outline of the RI/FS steps needed to advance the
feasibility study process through future detailed analysis efforts to be conducted as part of
focused FSs for interim remedial measures (IRM) and final FSs for OUs.

Section 7.0 documents report references.

1-5
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Appendices to this report include:

0

Appendix
Appendix
Appendix
Appendix
Appendix

A
B
C
D
E

Identification of Contaminants of Concern
Identification of Potential ARARs
Descriptions of Remedial Technologies and Process Options
100 Area Contaminated Soil and Groundwater Volume Estimations
100 Area Waste Units.

1.3 BACKGROUND/SUMMARY OF EXISTING DATA

1.3.1 100 Area Description

1.3.1.1 Location

The Hanford Site is a 560 mi2 (1,434 ki2) tract of land located in the south-central
portion of the State of Washington in Benton, Franklin, and Grant Counties. The 100 Area
lie along the southern shoreline of the Columbia River at the north end of the Hanford Site
(see Figure 1-1).

Identifying numbers were given to the buildings and facilities in the 100 Area. These
are summarized as follows (Adams et al., 1984):

FACILITY CATEGORIES

FACILITY
DESIGNATION

Reactor Buildings 105

Ground Disposal Facilities

Effluent Systems

Ancillary Facilities

116 (liquid)
118 (solid)

107
1904/1908

1608

103

108
115
116
117
119

1706

FACILITY FUNCTION

Housed reactor and fuel
storage basin (irradiated)

In-ground disposal of liquid
and solid wastes

Retention basins
Outfall structures
Pumping stations

Fuel element storage
building (unirradiated)
Laboratory
Gas recirculation buildings
Reactor stacks
Exhaust filter buildings
Exhaust sample buildings
Reactor loop testing facility

0
1-6
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1.3.1.2 History of Operations

Between 1943 and 1962, nine water-cooled, graphite-moderated plutonium production
reactors were built along the shore of the Columbia River upstream from the now-abandoned
town of Hanford. Eight of these reactors (B, C, D, DR, F, H, KE, and KW) have been
retired from service and are under evaluation for decommissioning. The ninth reactor, N,
was recently taken out of standby status and will be retired. Table 1-1 lists the construction
date, period of operation, and status of each reactor. In some of the reactor areas, after the
reactor was retired from plutonium production service, the ancillary facilities were used as
laboratories for special studies or for storage/treatment purposes. Post-production activities
are listed in Table 1-2.

TABLE 1-1
REACTOR STATUS

OPERATED
REACTOR CONSTRUCTED FROM TO STATUS

B* 1943 1944 1968 Retired

C 1951 1952 1969 Retired

KE 1952 - 1954 1955 1971 Retired

KW 1952 - 1954 1955 1970 Retired

N 1959 - 1962 1963 1987 Shutdown in
progress

D 1943** 1944 1967 Retired

DR 1949** 1950 19 64 Retired

H 1948** 1949 1965 Retired

F 1943 - 1945 1945 1965 Retired

Source: DOE 1990a-e, DOE 199la-f
* B reactor was held in standby status from 3/19/46 to 6/2/48, then restarted.

Construction dates assumed in correlation with reactor operational dates.

1.3.1.2.1 Reactor Components (Excluding 100-N). The principal components of
the original eight reactors consist of the reactor, the reactor cooling water loop, the reactor
gas and ventilation system, and the irradiated fuel handling system. Each of these systems is
briefly described below.

1-7
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TABLE 1-2
POST-REACTOR OPERATIONS

(Excluxing N Reactor)

AEA OPERATION PERIOD OF ACTIVITY
OPERATION I

100-F Fish Studies 1945 - 1976 Exposing fish to reactor cooling water effluent. Water discharged to
PNL outfall structure.

Fish Studies circa 1951 Additional Aquatic Biology Laboratory facility constructed with hatchery
troughs and laboratories.

Sheep Studies late 1940s Using about 1000 sheep in dose studies with iodine-131, strontium-90,
and cesium-137.

Pig Studies 1952 Similar exposure studies as those conducted with sheep.

Miniature Goats, Milk Cows, Various Times Pilot Studies.
Chickens, and Ducks

Beagles Unknown 300 - 400 dogs used to study affects of ionizing radiation. Mainly used
plutonium-239

Strontium Gardens Unknown Studied growth of cereal grains, alfalfa and other crops in soil containing
controlled amounts of strontium-90 and cesium-137.

Greenhouse Unknown Radioecological experiments: grew potted plants.

100-B/C In Situ Vitrification May 1990 116-B-6-1 Crib used for in situ vitrification experiment.

100-H N Reactor Fuel Fabrication Waste 1973 to 1985 Treated, by solar evaporation in the 183-H Basins, waste solutions from
Treatment N reactor fuel fabrication facilities in the 300 Area. Both routine and

non-routine wastes were treated.

100-KE/KW N Reactor irradiated fuel storage 1975 to present The 105-KE and 105-KW storage basins are used to store N reactor
irradiated fuel elements. After short-lived radioisotopes decayed, they
were shipped to the 200 Areas for reprocessing.

Esource: DOE 1991c
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Reactor. Each reactor was graphite moderated and cooled with water pumped
through on a single-pass basis. The reactor moderator stack consisted of graphite blocks,
some of which were cored to provide channels for process tubes, control and safety rods, and
other equipment. Aluminum process tubes held the aluminum-clad, uranium-metal fuel
elements and provided channels for cooling water flow (Irradiation Processing Department
1963). Boron was the primary neutron absorber used in control and safety rods. The initial
reactor design included a third safety system which used a tank filled with a boron solution
suspended above the reactor. Aluminum sleeves, called thimbles, were inserted into the
channels to protect the graphite from the boron.

After a few years of operation, the boron system was redesigned to utilize hoppers
containing 3/8-inch (0.95 cm) nickel-plated boron balls instead of the liquid boron system
(Irradiation Processing Department 1963). The balls emptied into the vertical safety rod
channels when reactor shutdown was required. A vacuum system removed the balls when
the reactor went back on-line.

Reactor Cooling Water Loop. Figure 1-2 presents a simplified process flow
diagram for the original eight reactors. Cooling water for the reactor was pumped from the
Columbia River to a water treatment facility either directly or via a reservoir. Additives,
listed in Table 1-3, were introduced to the river water which then passed through flocculators
to settling basins where an organic polyelectrolyte was added as a filter aid. The water was
filtered through beds of gravel, sand, and crushed anthracite coal and stored in clearwells.

TABLE 1-3
WATER TREATMENT ADDITIVES

ADDITIVE PURPOSE

Alum with excess sulfuric acid Enhance removal of suspended particulates
by flocculation.

Hydrated calcium oxide Control pH (maintained at 7.5).

Chlorine Control algae growth in settling basins
(free chlorine residual: 0.2 ppm).

source: DOE 1991C

The treated water was pumped to large-capacity storage tanks where about 2 ppm
sodium dichromate was added as a corrosion inhibitor (Richards 1953). The water from the
storage tanks was then pumped via electric pumps to the reactor. The water at that point
contained residues of alum, sulfate, chlorine, calcium, sodium dichromate, electrolyte, and
other impurities'.

S Naturally present in the river water and not removed during treatment.
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The heated water passed from the reactor to a retention basin by gravity flow. The
water was retained in the basin for a time sufficient to permit partial thermal cooling and
radioactive decay of short-lived radionuclides. The water then flowed from the retention
basin via the outfall structure and river pipelines where it was discharged to the middle of the
river. The outfall structure contained a concrete or rip-rap spillway to divert the water to the
river in case of an overflow.

A backup cooling system was provided by river water which was kept in a holding
reservoir. This water was normally used to supply the powerhouse; however the water could
be pumped to the water treatment facility or, in cases of emergencies, directly to the reactor.
Steam was generated in the coal-fired powerhouse where the water was treated (to reduce
formation of boiler scale) with sodium sulfite and trisodium phosphate and was subsequently
passed through an ion exchange system2.

Reactor Inert Gas and Ventilation Systems. The inert gas system was used to
remove moisture and foreign gases, to serve as a heat transfer media between the graphite
and process tubes, and to detect water leaks within the reactor. The reactor atmosphere was
a mixture of helium with carbon dioxide or nitrogen. The composition of the gas mixture
was varied to control the graphite temperature which in turn influenced reactivity conditions
(Chattin and Powers 1985).

Irradiated Fuel Handling. Refueling occurred about once a month for about 10
percent of the process tubes in the reactor. Irradiated fuel elements removed from the
reactor were sorted in a pickup chute area and transferred to the fuel storage basin for
radioactive decay. Following the storage decay period, the fuel elements were placed in
railroad cask cars for transport to the chemical reprocessing facilities in the 200 Areas
(Miller and Steffes 1987).

1.3.1.2.2 100-N Reactor Components.

100-N Reactor. The 100-N reactor was a graphite moderated, light-water-cooled
reactor and the newest of the 100 Area reactors. Its design and operation differ substantially
from the other plutonium production reactors. Unlike the other eight single-pass reactors,
the 100-N reactor was a dual purpose reactor which produced steam for electricity generation
as well as plutonium. The 100-N reactor did not use once-through cooling as did the other
eight production reactors. Instead water was recirculated through the reactor and steam
generators.

The reactor core was a structure of interlocking graphite bars containing zirconium
alloy pressure tubes which held the zirconium alloy-clad, uranium-metal fuel elements.
Reactivity was controlled by horizontal control rods and the vertical ball system. Boron was
the primary neutron absorber used in the rods and balls.

2 Sodium chloride was used as the regeneration solution for the ion exchange system
(Irradiation Processing Department 1963).
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100-N Reactor Cooling Water Loop. Figure 1-3 presents a simplified process flow
diagram for the 100-N reactor cooling water loop. Untreated water from the Columbia River
was supplied to the emergency coolant pumps, dump condensers, and the water treatment
facility. The water treatment system produced raw, sanitary, and demineralized water. Raw
water received no treatment other than straining; all other water was passed through a
filtration plant where coagulant chemicals and small amounts of chlorine were added. A
filter aid was added and the water passed through gravity filters which consisted of layers of
gravel, sand, and granulated anthracite.

Treated water from the demineralizer plant was stored in a holding tank. Its uses
included the reactor (graphite and shield), and rod coolant systems as well as the secondary
water system.

The secondary steam system removed the reactor heat from the primary cooling
water. During operation solely for production of special nuclear materials, the major portion
of this steam was routed to dump condensers. During dual purpose operation, the major
portion of the generated steam was routed to the Washington Public Power Supply System
(WPPSS) Hanford Generating Project for production of electricity, through steam turbines
and condensers. The secondary steam system was closed-loop, i.e., the condensed steam
was returned to the steam generator.

Reactor Inert Gas and Ventilation Systems. The inert gas system in the N reactor
was similar to the systems used in the other production reactors.

Irradiated Fuel Handling. Irradiated fuel elements removed from the reactor were
moved to the storage basins for short term radioactive decay then placed in rail-mounted
shipping casks for transport to reprocessing or storage facilities.

1.3.1.2.3 Decontamination and Decommissioning. To reduce the potential spread
of radioactive contamination from the reactors and associated facilities, DOE began a
program of decontamination and decommissioning (D&D) of buildings and facilities after the
reactor facilities were retired. Most of the contaminated buildings and facilities have been
demolished and were buried in place, in the clearwells, or taken to the 200 Areas for burial.
Clean wooden buildings and equipment were salvaged and uncontaminated buildings were
converted for new programs or storage. In some instances, new buildings were constructed
over the demolished building locations.

A photographic summary of D&D activities is presented in Summary of the Hanford
Site Decontamination, Decommissioning, and Cleanup FY 1974 Through FY 1990 (Wahlen
1991). The decommissioning plans for the 100 Area are presented in the Hanford 100 Area
Long-Range Decommissioning Plan (Adams, et al., 1984).

1.3.1.3 100 Area Facility Characteristics and Contamination (excluding N Reactor)

Waste units included in this FS are listed in the tables in Appendix E.
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1.3.1.3.1 Effluent Handling. Facilities used in the handling of cooling water
effluent included retention basins, pipelines, and outfall structures.

Retention Basins. The 100 Area retention basins were rectangular concrete or
circular steel structures used to retain cooling water effluent from the reactor for radioactive
decay and thermal cooling prior to discharge to the river. The basins ranged in capacity
from 16 to 24 million gallons (DOE-RL 1991a). Some of the basins were baffled to provide
separate compartments. In initial operations, effluent was directed to only one side of the
basin at a time which allowed effluent contaminated by ruptured fuel elements to be diverted
to other disposal facilities such as cribs and trenches. However, temperature differentials
between the basin halves resulted in cracks and subsequent leakage. This leakage, coupled
with increased production rates, forced simultaneous use of the retention basin compartments.
This in turn precluded routing the more highly contaminated effluent to alternate disposal
sites. Therefore all effluent was discharged directly to the river. Some of the retention
basins were partially demolished and the rubble buried in-place after the Dorian and Richards
study. The basins have also been used for disposal of contaminated piping and other
demolition materials.

Some of the retention basins leaked, in some cases enough to produce surface ponds
and streams that flowed to the river. This leakage resulted in contamination of soils adjacent
to the basins. In addition, contaminated sludge was deposited on the basin floors and
represents a significant source of contamination. The following summarizes the nature and
extent of radionuclide contamination at the retention basins (Dorian and Richards 1978):

" Each retention basin contains from 1/4 inch to 3 inches of sludge covered by two to
four feet of soil fill.

" Total radionuclide inventories for the B, C, D, DR, F, H, KE, and KW retention
basins range from less than 10 curies for each of the K Area basins to over 400
curies for the B Area basin.

" For the B and C retention basins, approximately 90% of the contamination is
located outside the basin in the soils beneath and adjacent to them.

" For all the reactors, Cesium-137, Cobalt-60, Europium-152, Europium-154, and
Europium-155 account for approximately 97% of the radionuclide inventory located
outside the retention basins.

" For the D, DR, F, and H basins, approximately 75% of the contamination is
contained inside the basins in the sludge, the soil fill, and the concrete.

" For all the reactors, Cobalt-60, Europium-152, Europium-154, and Nickel-63
account for approximately 94% of the radionuclide inventory located within the
retention basins.
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* The KE and KW retention basins are much less contaminated than the others and
have total inventories less than 10 curies each; approximately 85% of this
contamination is located in soils adjacent to the basins.

Table 1-4 provides typical inventories for the areas of contamination related to the
retention basins: basin sludge, basin fill, concrete, and surrounding areas.

In addition to radionuclide contamination, the basins may be contaminated with
chemical constituents used as additives in the cooling water. A major contaminant is
chromium which was used extensively in the 100 Area. Table 1-5 lists contaminant
concentration ranges for the basins.

TABLE 1-4
RETENTION BASIN CONTAMINATION

Area of Average Maximum
Contamination Contamination Contamination

(Ci) (Ci)

Contamination inside the retention
basins:

- Sludge 42 92 (116-B-11)
- Soil Fill 6.6 18 (116-H-7)
- Concrete 10 13 (116-DR-9, 11-H-7)

Contamination outside the
retention basins:

- Soils Under Basins 84 280 (116-B-11)
- Soils Adjacent to 12.6 27 (116-D-7)

Basins

Source: Dorian and Richards, 1978 (Activity as recorded in 1978; Values not decayed to
present)

Pipelines. Effluent pipelines ran from the reactors to the retention basins, from the
retention basins to the outfall structures, and from the outfall structures to the discharge point
in the middle of the Columbia River. The 100 Area contained approximately 62,000 feet of
effluent pipeline ranging in size from 12 to 84 inches in diameter (Adams, et al., 1984). The
pipelines were constructed of carbon steel, reinforced concrete, or sometimes vitreous tile.
The pipelines included manholes, junction boxes, tie-lines between parallel legs, and valves.
Most of the on-land pipelines were buried although a portion of the effluent line in the 100-F
Area was above-ground. This above-ground portion has been removed and placed in the
116-F-14, 107-F retention basin. The remaining land portions of the 100 Area effluent lines
are still in place. Junction boxes have been sealed or filled with gravel and the effluent lines
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were sealed to prevent entry. The river pipelines are still in place except at F Area;
approximately 50 feet of pipe has been dislodged and washed downstream.

Leaks occurred along the pipelines, mainly at the junction boxes of all the steel and
concrete lines and the rubber joints of the tile lines. Contamination associated with the
effluent lines is primarily in these leakage areas and in the accumulated sludge in the pipes.
Radionuclide and chemical contaminants in the effluent lines and leakage areas are presumed
to be the same as shown for the retention basins in Table 1-5.

Outfall Structure. Outfall structures were compartmentalized boxes used to direct
the liquid effluent from the retention basin to the river pipelines for discharge to the middle
of the Columbia River. The structures were constructed of reinforced concrete with concrete
or rip-rap spillways (spillways were used only in case of overflow). With the exception of
the structure at the 100-K Area, all the outfalls were 27 feet long by 14 feet wide with walls
one foot above grade and 25 feet below grade. The 100-K Area outfall was 30 feet long by
40 wide with 30 foot walls above and below grade (DOE-RL 1991a). Most of the outfalls
have been demolished to near-grade level and backfilled. An outfall structure in the F Area,
the PNL outfall, was used by the Pacific Northwest Laboratory (PNL) for disposal of wash
wastewater from the animal pens. Contaminants include strontium-90 and small amounts of
cesium-137 and plutonium-239 (DOE 1991d).

Effluent was normally discharged via the outfall and river pipelines; however effluent
discharges sometimes overflowed the outfall structure and exceeded the capacity of the
spillways resulting in contamination of surrounding soils down to the river's edge. The
residual radionuclides and chemical contaminants associated with the outfalls are presumed to
be the same as those listed in Table 1-5 for the retention basins.

1.3.1.3.2 Liquid Waste Disposal. Liquid waste was disposed to the soil column
through cribs, trenches, and French drains. Cooling water was routinely discharged to the
river; however, during fuel cladding rupture events, the water was diverted to cribs and
trenches for disposal to the soil column. This practice avoided direct disposal of transuranics
to the river.

Site characterization activities were conducted in the 1970s by Dorian and Richards
(1978). The characterization effort was aimed primarily at the liquid waste disposal facilities
with lesser efforts expended on the solid waste disposal facilities. Samples were taken from
the surface and at depths varying from 5 to 25 feet. Sample analysis was conducted
primarily for radionuclides. Contamination information pertinent to liquid waste disposal
facilities is summarized in Table 1-6. Based on the information obtained during this effort,
the following generalizations can be made concerning the 100 Area liquid waste disposal
facilities:

The principal radionuclides in these facilities are generally:

- Cobalt-60
- Cesium-137
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TABLE 1-5
LIQUID EFFLUENT SYSTEM CONTAMINATION

LIQUID REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
EFFLUENT AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTIONIUM CHEMICAL

SYSTEM INVENTORY PRESENT CONCENTRATION CONTAMINANTS
COMPONENT

Retention B, C, D, Normal effluent 5 - 400 + Curies 137Cs, OCo, "'Eu, 340 pCi/g in sludge, Chromium, water
Basins DR, F, H, from reactor per basin 4Eu, ONi, "Sr, 22 pCi/g in fill, 5.4 treatment chemical

KE, KW production 211"Pu pCi/g in soils additives
operations, beneath basins, 13
occasional fuel pCi/g in soils
element rupture adjacent to basins.
effluent

Effluent B, C, D, Transferred effluent No inventory data "Cs, 'Co, "2Eu, No sampling data Same as retention
Pipelines DR, F, H, from reactor to available. '1Eu, N, 3H, available. basins

KE, KW retention basin, to l"Eu, "Sr
outfall structure,
and to river

Outfall B, C, D, Used to channel No inventory data '"Cs, WCo, '52Eu, No sampling data Same as retention
Structures DR, F, H, effluent from the available. MEu, ONi, 3H, available. basins

KE, KW retention basin to '55Eu, 9OSr
the middle of the
river. Spillway used
in case of overflow

Source: Dorian and Richards, 1978 (Activities as recorded in 1978; Values not decayed to present)
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- Strontium-90
- Europium-152
- Europium-154
- Europium-155

" The radioactive waste is generally confined to within five to twenty feet below the
facility.

" Plutonium-239/240 concentrations are generally less than 1 pCi/g but range as high
as 1500 pCi/g at the 116-C-2C pluto crib sand filter. Plutonium-238 concentration
at the sand filter is as high as 1600 pCi/g.

Cribs. Cribs were buried, generally rock-filled, structures. Early cribs were
typically open-bottomed, buried boxes, constructed from timbers, which ranged in area from
100 to 200 square feet. Some of these timbered cribs had associated tile fields for overflow.
Some were provided with a secondary cavity to handle overflow. The 116-C-2 crib was
much larger than the other cribs, 140 feet by 100 feet at the bottom, and were provided with
a sand filter. Figure 1-4 shows a typical crib with a tile drainage field (Adams et al. 1984).
Interviews with operations personnel suggest that this schematic may not accurately represent
certain cribs. Some of the 100 Area cribs may have been excavated pits which received
waste through fire hoses.

Often a crib was dedicated to a specific building or process, and thus received a
relatively uniform flow. Cribs can generally be categorized by the type of service provided.
All data were obtained from Dorian and Richards 1978 or DOE-RL 1991a. Radionuclide
quantities have not been decayed to current time. These are listed as follows:

o Pluto cribs

Except for the 116-C-2 (105-C) pluto crib, these cribs were generally small,
approximately l0xl0xl0 feet (Dorian and Richards 1978), and were operated for
short time periods only (less than two years). The pluto cribs received effluent
from individual process tubes following fuel cladding failures.

The 116-C-2A crib was the last crib to be constructed and was approximately
14,000 square feet in area. Associated facilities included a sand filter and pump
station.

Pluto cribs contained radionuclide inventories ranging from less than 0.1 curie to 3
curies. The 105-C pluto crib, 116-C-2A, had an associated sand filter and pump
station. The sand filter contained contamination two orders of magnitude higher
than that of the crib and plutonium concentrations up to 1600 pCi/g. Chromium
and other cooling water additives are potential contaminants in the pluto cribs.
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TABLE 1-6
LIQUID WASTE DISPOSAL FACILITIES

LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL AORMAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADI=NCIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Pluto Cribs B, C, D, Effluent from fuel <0.1 to 3 Curies "Dsr, 3 H, 152Eu, '9Pu: 110 pCi/g Chromium, water
DR, F, H element ruptures 260 Curies in 105- '4Eu, "Eu, wCo, treatment chemical

C pluto crib sand 13"Cs additives
filter

Dummy/Perf B, F, H Liquid wastes from 0.007 to 1.3 Curies "Sr, 3H, '1Eu, 2"91 Pu: 2.3 pCi/g Chromic, citric,
Decontamination decontamination of IMEu, 15 Eu, WCo, oxalic, nitric,

Cribs process dummies 1"Cs sulfamic, and
sulfuric acids used
in decon.

108 Building B, D Contaminated liquid 116-B-5: 300 3H 0.33 pCi/g No data available.
Cribs effluents from 108 Curies

buildings
116-D-3, -4: <0.1
Curie

115 Building KE, KW Condensate and 240 Curies 3H, 4C None No data available.
Cribs liquid waste from

reactor gas
purification systems

117 Building B, D, DR, Drainage from 0.0001 Curies at F "Sr, "2Eu,'"Cs, 29 Pu: 0.1 pCi/g No data available.
Cribs F, H confinement system Area, less than 13Pu

seal pits background at
other Areas

116-F-5, F Wastes from 0.00092 Curies %Sr, '1 Eu, 15Eu, None Nitric acid
100-F Ball decontamination of 1"Cs

Washer Crib boron-steel balls
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TABLE 1-6
LIQUID WASTE DISPOSAL FACILITIES

LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE I I INVENTORY PRESENT CONCENTRATION CONTAMINANTS

116-KE-2, KE Radioactive liquids 38 Curies 1Sr, wCo .mofu: 2.1 pCi/g Sodium hydroxide
1706-KER Crib from cleanup

columns in 1706-
KER loop

116-DR-7, DR Liquid potassium <0.1 Curies "Sr, 134Cs, '37Cs None Potassium borate
105-DR borate solution

Inkwell Crib from the 3X system
prior to the Ball 3X
system upgrade

French Drains' B, D, F, K Area: sulfuric No radionuclide No radionuclide No radionuclide 120-KE-1 contains
KE, KW acid sludge from inventories inventories inventories available. about 200

the acid storage available. available. kilograms of
tanks, also mercury. mercury. The 120-
Other areas K drains have PNL
received liquid Hazardous
wastes from various Ranking System
decontamination Migration Scores
processes and of 40+, the other
effluent water from drains have scores
botany experiments of zero.
in the F Area.

Liquid Waste B, C, DR, Effluent from 107 3.1 to 79 Curies 9Sr, 3H, '5Eu, 2 4 Pu: 5.3 pCi/g Chromium, water
Disposal F, H, K retention basins '5Eu, '5 Eu, Co, treatment chemical
Trenches during fuel element UCs, '3Cs, U additives

failures
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TABLE 1-6
LIQUID WASTE DISPOSAL FACILITIES

LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE II INVENTORY PRESENT CONCENTRATION CONTAMINANTS

K Trench KE, KW Fuel storage basin 2100 Curies QNI, "2 Eu, "Eu, 2 WPu: 130 pCi/g Chromium
overflow, leakage W0Co, 'Cs (sodium
from retention dichromate);
basin valves, wastes sulfamic acid,
from contaminated sulfuric acid, and
floor drains, copper sulfate
periodic other liquid disposed to trench
waste streams

105 Storage B, D, DR, Water and sludge 0.0021 to 4.7 "Sr, 3H, 52Eu, mh"Pu: 6.1 pCi/g Sodium
Basin Trenches F from fuel storage Curies '"Eu,'"Eu, wCo, dichromate

basins '"Cs

1608 Trenches DR, F, H Effluent during Ball 1.4 to 6.5 Curies "Sr, 3H, '5 2Eu, 2""Pu: 0.76 pCi/g Sulfamic acid,
3X Project "Eu, "Co, 'Cs sodium dichromate

Sludge Trenches B, D, DR Sludge wastes from No data available. No data available. No data available. No data available.
the B Area Contamination Contamination may Contamination may Contamination
retention basin may be similar to be similar to be similar to may be similar to

retention basin retention basin retention basin retention basin
contamination contamination contamination contamination

Lewis Canal F Miscellaneous 3.4 Curies '"Eu, 1"Eu, wCo, m'Pu: 0.99 pCi/g Chromium;
wastes from 185-F O'Cs, 'H sulfamic acid
and 190-F buildings, disposed to canal
decontamination
wastes from 189-F
building, occasional
front and rear face
reactor effluent

Sources: Dorian and Richards, 1978 (unless otherwise noted) (All activities decayed through 1978)
WIDS 1991 (All activities decayed through 4/1/86)
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Figure 1-4. Typical Crib with Tile Drainage (Adams, et. al., 1984)
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* Dummy/Perf Decontamination Cribs/Drains

The dummy/perf decontamination cribs/drains received radioactive liquid wastes
from the decontamination of dummy fuel element spacers in the 105-F, 105-H, and
111-B buildings. The cribs ranged in size from 4x8x8 feet to 12x8x15 feet and the
drains were 3 to 4 foot diameter pipes 15 to 20 feet deep (DOE-RL 1991a).

Acids, including nitric, sulfuric, oxalic, hydrofluoric, were used extensively in
decontamination processes. Therefore, in addition to the radionuclides listed in
Table 1-6, nitrate and other acid residues are likely contaminants in soils and
groundwater beneath these cribs.

e 108 Building Cribs/Drains

These cribs or underground drains received contaminated liquid effluents from the
108 laboratory building operations. The 116-B-5 crib was 84 feet long by 15 feet
wide by 10 feet deep. The 116-D-3 crib was 3 foot diameter by 5 feet deep (DOE-
RL 1991a). The 116-B-5 crib had 300 curies of tritium; the other 108 crib
contained less than 0.1 curie of contamination.

* 115 Building Cribs

The 115 building cribs were underground drains which received condensate and
liquid waste from reactor gas purification systems. The cribs measured 40x40x26
feet. Each crib consisted of a four inch pipe leading into an 8-inch corrugated,
perforated pipe 10.5 feet long. Two 5.4-ft sections branched off at 45 degrees
(DOE-RL 1991a). Tritium and carbon-14 were the principal radionuclides disposed
to these cribs. In 1978, the 116-KW-1 crib contained a total of 240 curies (Dorian
and Richards 1978).

* 117 Building Cribs

The 117 building cribs received drainage from the confinement system 117 building
seal pits. The crib structures ranged from 125 to 1000 cubic feet (DOE-RL
1991a). Radioactive effluents disposed to these cribs generally contained only
short-lived radionuclides. These cribs were released from radiological control prior
to 1967.

Several special use cribs are described as follows:

* 116-F-5, 100-F Ball Washer Crib

This crib received liquid wastes from the decontamination of the boron-steel balls
used in the ball 3X system. The crib was 10 x 10 x 10 feet (DOE-RL 1991a).
The crib contained 0.00092 curies; the principal radionuclides present included
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Strontium-90, Europium-154, Europium-155, and Cesium-137. No plutonium was
detected.

" 116-KE-2, 1706-KER Crib

This crib received radioactive liquid from the cleanup columns in the 1706-KER
loop. The crib was 16 feet long by 16 feet wide by 32 feet deep. A wooden crib
structure rests within the excavation 3 feet above the bottom. The bottom 10 feet
are filled with crushed stone and backfilled with soil (DOE-RL 1991a). The crib
contained 38 curies of Strontium-90 and Cobalt-60 with a 2.1 pCi/g maximum
concentration of Plutonium-239/240.

" 116-DR-7, 105-DR Inkwell Crib

This crib received liquid potassium borate solution from the 3X system prior to the
ball 3X system upgrade. The crib was 5 feet long, 5 feet wide, and 10 feet deep
(DOE-RL 199 la). The radiological contamination was found to be less than 0. 1
curie.

French Drains. French drains were generally gravel-filled, concrete or vitreous clay
pipe. These were 3 to 4 feet in diameter and ranged from 3 to 20 feet deep. French drains
in the K Area received sulfuric acid sludge from the acid storage tanks. The 120-KE-1
French drain contains approximately 200 kilograms of mercury. French drains in the other
areas received liquid wastes from decontamination processes. Drains in the F Area received
effluent water from botany experiments (DOE-RL 1991a). Like cribs, they were usually
dedicated to a specific building or process. Inventories for these French drains are
unavailable (DOE-RL 1991a).

Trenches. Trenches were generally open excavations with sloped sides. The
trenches ranged in length from 150 feet to 4000 feet, in width from 10 feet to 400 feet, and
in depth from 6 feet to 25 feet. Each reactor area used a trench as backup to the retention
basin when the effluent was too highly contaminated to be released to the river. Most of the
trenches contain inventories of less than 10 curies. The liquid waste disposal trench at the K
Area contained a total of 2100 curies with a maximum Plutonium-239/240 concentration of
130 pCi/g. Types of trenches are described as follows:

Liquid Waste Disposal Trenches

The liquid waste disposal trenches received effluent from the retention basins
during fuel element cladding failures. The trenches ranged in size from 10 by 150
feet to 50 by 500 feet and in depth from 15 to 25 feet (DOE-RL 1991a). The
trenches were used in early reactor operations until increased flow and leakage
forced the parallel use of both sides of the retention basins. With the exception of
the K Trench, the total contamination ranged from 3 to 79 curies with a maximum
Plutonium-239/240 concentration of 5.3 pCi/g. Sodium dichromate was used
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extensively as a corrosion inhibitor; therefore chromium contamination is expected
in these trenches (DOE-RL 1991a).

* K Trench

The K trench (116-K-2) serviced both K Area reactors. The trench was 4000 feet
long by 45 feet wide by 15 feet deep with a 4 foot bottom width (DOE-RL 1991a).
The trench received wastes from all contaminated floor drains in the 105 buildings,
approximately 500 gallons per minute of overflow from each metal storage basin,
and an undetermined amount of 107 effluent basin leakage from valves in the tank
bottoms. Periodic sources of contaminated flow to the trench included:

- Low volume neutralized dummy decontamination waste;
- Process cooling water during charge-discharge via metal storage basin and cross-

under line;
- Approximately 700 gpm metal storage basin flow during charge-recharge;
- Occasional rear face decontamination wastes diluted with metal storage basin

flow;
- Occasional "special" disposal such as waste from a single cross header through-

reactor decontamination experiment; and
- An occasional tank-full of process cooling water collected after a fuel cladding

failure.

The trench received large volumes of contaminated water and contained over 2000
curies of remaining activity. Maximum plutonium concentration was 130 pCi/g.
Sodium dichromate, sulfamic acid, sulfuric acid, and copper sulfate were disposed
to the trench (Dorian and Richards 1978).

* 1608 Trenches

The 1608 trenches were located in the F and H Areas and were used to receive
effluent during the Ball 3X Project. Both trenches have overflowed in the past and
contaminated nearby soils. The trenches have been backfilled with soil. The 1608-
H trench is 275 feet by 100 feet by 6 feet deep and the 1608-F trench is 300 X 100
X 10 feet (DOE-RL 1991a). Total radioactivity ranges from 0.0021 curies to 1.4
curies. The major radionuclides include Strontium-90, tritium, Europium-152 and -
154, Cobalt-60, and Cesium-137 with a maximum plutonium concentration less -
than 1 pCi/g (Dorian and Richards 1978).

* Sludge Trenches

The B Area contained two trenches, one 50 by 50 by 10 feet and one 120 by 10 by
10 feet that were used to bury low level sludge waste from the B Area retention
basin (DOE-RL 1991a). Sampling data and contaminant inventories are not
available for these trenches, although the contaminants and concentrations should be
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similar to those measured by Dorian and Richards 1978 for the B Area retention
basin.

116-F-1, Lewis Canal

The Lewis Canal, located in the 100-F Area, received miscellaneous wastes from
the 105-F and 190-F buildings, as well as decontamination wastes from the 189-F
building. On occasion, contaminated coolant from the reactor front and rear faces
was also routed to the Lewis Canal. Effluent water from the 1953 ball 3X outage
was channeled to the river through this trench. The trench was originally several
thousand feet long, however, all but 1500 feet at the inlet end have been released
from radiological control. Dorian and Richards 1978 estimated a total inventory of
3 curies and Plutonium-239/240 concentrations of 1 pCi/g. The major
radionuclides include Europium-152 and -154, Cobalt-60, and Cesium-137.
Sodium dichromate and sulfamic acid are known to have been disposed to the
Lewis Canal (DOE-RL 1991a).

1.3.1.3.3 Solid Waste Disposal. Solid waste disposal units consisted of burial
grounds, landfills, ash/bum pits, and storage caves/vaults. For the early operational years of
the nuclear reactors at Hanford, few if any records are available on the materials sent to
solid waste disposal facilities. Also, characterization efforts for these facilities are limited.
Dorian and Richards 1978 sampled the 118-B-1 burial ground and developed the following
generalizations:

* No measurable migration of radionuclides was found.

* Plutonium-239/240 was generally not detected.

e The primary radionuclide was Cobalt-60, comprising approximately 90 percent of
the inventory; other radionuclides in significant concentrations included Europium-
152, -154, -155, Cesium-134, -137, Strontium-90, and Nickel-63.

A total of 28 radioactive solid waste burial grounds have been identified in the 100
Area including seven major burial grounds associated with reactor operations, two burial
grounds used for biological wastes, and one burial ground used during the tritium separations
project at B reactor area. The remaining burial grounds were used for reactor upgrade
projects, major maintenance projects, and special irradiation programs (Miller and Wahlen
1987). These special burial grounds generally contained low levels of radioactivity.
Nonradioactive solid waste burial grounds in the 100 Area include ash and bum pits,
demolition sites, and landfills. Estimated contamination inventories for the burial grounds
are presented below and in Table 1-7.

Solid Waste Burial Grounds. Solid waste burial grounds which served the reactor
facilities consisted of a series of trenches, pits, vertical pipes, and/or vault-like structures.
The burial grounds ranged in size with the smallest being only a few feet wide and a few feet
long to the largest being about 20 feet deep, 300 feet long, and 8 feet wide (at the bottom).
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TABLE 1-7
SOLID WASTE DISPOSAL FACILITIES

SOLID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE I j INVENTORY PRESENT CONCENTRATION ICONTAMINANTS
105 Burial B, C, D, F, Low-level solid 4000 tons of waste "Sr, 3H, "Eu, 1.0 pCi/g in 118-B-1, Lead, cadmium,
Grounds H, KE, radioactive waste in 7 burial 1 4Eu, wCo, '"Cs, no data available on boron, mercury,

(118 Burial KW associated with grounds, 3900* 4C, ONi, "NI, other burial grounds graphite
Sites) reactor operations: Curies in 7 burial ""Ag, 1 Ba

aluminum spacers, grounds
lead-cadmium
reactor poison *3800 Curies from
pieces, boron wCo, sNi
splines, graphite,
process tubes, lead

Tritium B Aluminum cladding 562 tons of 3H No data available. Metal hydrides of
Separations from target material, wastes, 11,000 lithium, aluminum,

Project Burial stainless steel Curies and lead, mercury,
Grounds container and activated charcoal,

remnants, palladium, deliquescent
natural and some compounds
depleted uranium,
zirconium, solva
beads, tritium
contaminated pumps
and oil, glass line
components

Biological F Sawdust and solids 10,000 yd' of 'Sr 23 Pu: 0.3 Curies No data available
Burial Grounds from dog kennels sawdust, 15 Curies

and swine pens:
118-F-5 10,000 cubic feet

of waste volume
Buried steel tanks in 118-F-6, 15
used to incinerate Curies
carcasses: 118-F-6

to

0
0
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TABLE 1-7
SOLID WASTE DISPOSA L FACILITIES

SOLID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS

Ash Pits B, D, F, H Coal ash sluiced No radionuclide No radionuclide No radionuclide No sampling data
with river water contamination contamination contamination available. Only

expected expected expected one ash pit
determined to be
toxic using an EP
toxicity test

Burn Pits' B, C, D, F, Nonradioactive No radionuclide No radionuclide No radionuclide Asbestos may be
H, K combustibles, glass, contamination contamination contamination present

scrap metal, paints, expected expected expected
solvents, lab wastes,
office wastes

Storage C, F, KE, Horizontal control Radiation Radionuclides are Radionuclides are No data available
Caves/Vaults' KW rods were readings from unknown unknown

temporarily stored imR/hr up to 50
for decay prior to mR/hr are
disposal, one cave present at tunnel
contains 4 rod tips, entrances
also miscellaneous
reactor hardware

Demolition Sites B, D, DR, Low level No radionuclide No radionuclide No radionuclide No sampling data
and Landfills H, K construction wastes, contamination contamination contamination available.

I demolition wastes expected expected expected

Source: Miller and Wahlen, 1987 (unless otherwise noted; Activities as recorded in 1987; Values not decayed to present)o DOE-RL 1991a (Values decayed through 4/1/86)
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The deep, narrow trenches contained high-dose large equipment; the pits and pipes were used
for small, high-dose reactor hardware such as thermocouple stringers and horizontal control
rod tips. A typical burial trench consisted of layers of hard waste (metal components such as
irradiated process tubes and fuel charge spacers) and soft waste (such as contaminated paper,
plastic, and clothing). Hard waste was usually placed in the bottom of the trench. Figure 1-
5 is a schematic of a typical burial trench as presented in Adams et al., 1984. Interviews
with operations personnel indicate that the layering of waste shown in the schematic may not
accurately portray conditions in the burial trenches. Soft waste may have been disposed in
different part of the trench than hard waste, or in some cases, hard waste was placed on top
of the soft waste. Soft waste makes up more than 75% of the volume in the trenches but
contains less than 1 % of the radioactive inventory (Adams et al. 1984).

Each reactor had an associated burial ground. Miller and Wahlen 1987 estimated the
total radionuclide inventory from reactor operations for these burial grounds to be about
4,000 curies, mostly from Cobalt-60 and Nickel-63. Metallic wastes include lead, cadmium,
lead-cadmium alloy, boron, mercury, and graphite. The 118-B-1 burial ground also received
an estimated 37.5 tons of wastes associated with the glass process lines used in the tritium
separations program, including lithium-aluminum alloy. This waste contained a tritium
inventory of about 3,800 curies and approximately 2,000 pounds of mercury.

Ball 3X Burial Grounds. The ball 3X burial grounds were located in the B, D, F,
and H Areas and were used to dispose of highly contaminated waste removed from the
reactor buildings during the Ball 3X Project. Wastes included thimbles (aluminum
components used to provide a sealed access to the reactor for the control and safety rods and
for a boron solution used as a shutdown device) and step plugs (an aluminum shielding
device used in the reactor tubes). The burial grounds in the B, F, and H Areas consisted of
a single trench; the D Area burial grounds contained two 40X20X10 foot trenches. The F
Area burial ground was 175 feet by 50 feet by 15 feet deep, the B Area burial ground was
50 feet by 50 feet by 20 feet deep, and the H Area burial ground was 150 feet by 30 feet by
10 feet deep (DOE-RL 1991a).

Tritium Separations Project Burial Ground. Wastes associated with the metal lines
used in the tritium separations project were disposed to this burial ground. An estimated 562
tons of waste, including 18 tons of lead and 25 tons of aluminum, were disposed. This
included 11,000 curies of tritium.

Biological Burial Grounds. Two burial grounds in the F Area were used for the
disposal of biological wastes. Each burial ground contained an estimated 15 curies of
Strontium-90 and 0.30 curies of Plutonium-239/240.

Ash Pits. The ash pits received coal ash sluiced with water from the powerhouse.
The ash pits received coal ash sluiced with water from the powerhouse. Ash from selected
power plants at the Hanford Site has been characterized as nonradioactive and nonhazardous.
Common sources of coal were used throughout the site so the ash in the pits will probably be
comparable to these analyses. The ash was analyzed using the extraction procedure (EP)
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toxicity test in accordance with WAC 173-303 and no nonhazardous materials were found
(DOE-RL 1991a).

Burn Pits. Burn pits in the 100 Area were used to dispose of nonradioactive
combustibles such as paints, solvents, laboratory wastes, and office wastes. Evidence of
burning exists at the sites and several of the pits are also believed to have been used to
dispose of rubble from demolition projects and debris and soil from retention basin repairs.
Other materials which may have been disposed to the burn pits include scrap metal, glass,
and asbestos. Sizes of the burn pits range from 9,600 to 224,000 square feet.

Storage Caves/Vaults. The storage caves/vaults were used for temporary storage of
horizontal control rods for decay prior to disposal. One vault was used for the storage of
miscellaneous reactor hardware and the hardware still remains in the vault. The caves were
40 foot by 25 foot concrete tunnels covered with mounds of dirt. The vault in the F Area
was a l6x8x8 foot concrete box with a wooden cover (DOE-RL 1991a). Exposure rates vary
from 1 mR/hr up to 50 mR/hr at the tunnel entrances. No information is available on
specific inventories of radionuclides.

Demolition Sites and Landfills. Demolition sites and landfills in the 100 Area
received very low-level construction and demolition wastes. Little or no radiological
contamination is expected in these sites.

1.3.1.3.4 Reactor Building. The reactor building housed the reactor core and a fuel
storage basin which consisted of a water filled concrete structure used to temporarily hold
spent fuel elements for decay of short-lived radionuclides. Some basins presently contain
highly radioactive sludge. The reactor buildings are not included within the past practice
operable units and thus are not within the scope of this FS; they are subject to actions as part
of the Surplus Reactors Decommissioning Program.

1.3.1.3.5 Miscellaneous Facilities and Waste Sites.

Storage Tanks. Tanks were used in the 100 Area for storing hydrocarbon products,
acids, and chemical wastes. The tanks range in size from approximately 30 gallons for an
evaporation unit to 1,650,000 gallons for oil storage tanks. Many of the tanks are currently
either empty or water-filled, although some contain small amounts of residual waste. A few
of the tanks have been moved to the 200 Area. Contamination associated with the tanks
includes leaks and spills (DOE-RL 1991a).

Unplanned Releases. Unplanned releases occurred in the 100-F, 100-K, and 100-N
Area. The 100-N unplanned releases are discussed in further detail in Section 1.3.3.2.5.
The 100-F Area release occurred on March 13, 1971 when the main sewer line between the
141-C and 141-M buildings became plugged. The spill consisted of wash water from the
clean out of animal pens and contained an estimated 4.OE-5 Ci of Strontium-90 and 1.06E-6
Ci of Plutonium-239. The area was stabilized with clean gravel (DOE-RL 1991a).
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The unplanned release in the K Area occurred in April 1979 when the 105-KE pickup
chute area of the fuel storage basin leaked approximately 450 gallons per hour of fuel storage
basin effluent and debris for an unknown period of time. Total activity was estimated at
2,530 curies including 1.3 Ci of Plutonium-239/240. The release was completely below
ground with no associated surface contamination (DOE-RL 1991a).

Undocumented releases of hydrocarbon products and chemicals may have resulted in
contamination of the soils in the 100 Area. In addition, unplanned releases to the air
occurred in the 100 Area but are outside the scope of this report.

100-K Area Brine Pits. The pits were concrete structures, either underground or
partially underground, ranging in area from 160 to 390 square feet. Salt was unloaded to the
pits and water was circulated through the salt to create a brine for use in the power house.
The salt was also used in water softeners. Contamination includes salt brine and residue
(DOE-RL 1991a).

White Bluffs Pickling Acid Crib. This crib is located in the 100-IU-5 operable unit
and was used to treat (pickle) piping for the reactors during the construction phase. This
process used several thousand gallons of nitric and hydrofluoric acid. Vent pipes protrude
every 18 inches and the surface is covered with large cobbles (DOE-RL 1991b).

Septic Systems. Thirty septic systems serviced the first eight reactor areas. The
systems received sanitary sewage from buildings and possible contamination could include
mercury from manometers, thermometers, and electrical equipment or wastes from
laboratories which may have been disposed in sinks and floor drains. In addition, waste
water from change rooms and the decontamination of face masks may have contributed to
radiological contamination of the septic systems. No sampling data are available for the
septic systems (DOE-RL 1991a).

1.3.1.4 100-N Area Facility Characteristics and Contamination

1.3.1.4.1 Liquid Waste Disposal Facilities. The liquid waste disposal facilities in
the 100-N Area consist of cribs, French drains, ponds, emergency dump tank and basin, and
miscellaneous liquid waste facilities. Available data on the nature and extent of liquid waste
disposal facility contamination are given in Table 1-8.

Cribs. The 116-N-1 crib consisted of a rectangular basin 290x125x12 feet with a
50x1600 foot extension trench. The 116-N-3 crib consisted of a concrete diversion box with
an associated 250x240 foot concrete header box and a 3,OOOxlOx7 foot extension trench. A
36 inch diameter, 1,200 foot long pipeline connected the box to the header. The cribs
received radioactive water containing both activation and fission products. Small quantities
of corrosives and laboratory chemicals were also disposed of in these cribs.

Chemical wastes disposed to the cribs include:

* Hydrazine test solution
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" Ammonia test solution
" Chloride test solution
" Fluoride test solution
" Lead-acetate battery fluid
" Nickel-cadmium battery fluid
" Hydrazine
" Sodium dichromate (DOE 1990d).

French Drains. The 100-N Area French drains were constructed of 2 to 8 foot
diameter clay pipe packed with lime. One of the drains had an associated 8x25 foot concrete
vault/neutralization pit. The drains received either spent sulfuric acid or sodium hydroxide
wastes (DOE-RL 1991a).

Ponds. Ponds were used in the 100-N Area to treat corrosive regeneration effluent,
to settle out solids from filter backwash, and to dispose of backwash effluent. The ponds
were generally unlined sloped-sided trenches ranging in area from 5,500 square feet to
29,000 square feet. Exceptions are the 130-N-1 filter backwash discharge pond, which is a
natural, marshlike basin, and the 120-N-2 surface impoundment, which was double lined.
The 130-N-1 pond also received aluminum sulfate and polyacrylamide solutions. Flow rates
to the ponds were as high as 430,000 gallons per day.

Miscellaneous Liquid Waste Facilities. The 116-N-2 (1310-N) radioactive chemical
waste treatment and storage facility was a waste management unit consisting of a complex
system of piping, pumps, a transfer tank, and a large treatment and storage tank. This
facility was used to neutralize the pH of and temporarily store radioactive waste acid solution
used in internal reactor decontamination. The transfer tank is a spherical metal structure
with a 900,000 gallon capacity; it is partially buried and surrounded by a 25 foot high
compacted soil radiation barrier on three sides. Decontamination wastes from the primary
water loop of the reactor were transferred by a 6 inch diameter underground pipe to the
transfer tank and then to the storage tank for neutralization.

The decontamination wastes included 70% phosphoric acid and diethylthiourea.
Decontamination of the primary loop occurred once every three to five years and resulted in
approximately 600,000 gallons of waste solution per decontamination event (DOE 1990d).

1.3.1.4.2 Solid Waste Disposal Facilities. The 128-N-1 burning pit is the only solid
waste disposal facility listed in the Waste Information Data System (WIDS) for the 100-N
Area. The burning pit was used to burn nonhazardous waste such as paper, wood, trash,
etc. generated at 100-N Area. The dimensions and exact location of the unit are unknown
(DOE-RL 1991a). No characterization data are available in WIDS or DOE 1990d.

1.3.1.4.3 Miscellaneous Waste Facilities. Miscellaneous waste facilities include the
three 118-N-1 spacer storage silos, the 116-N-8 mixed waste storage area, and the 120-N-4
nonhazardous and nonradioactive storage area. Information on types and amounts of
contamination in these facilities is unavailable.
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TABLE 1-8
100-N AREA SOURCES

SOLID WASTE PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL
DISPOSAL SITE RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL

TIP INVENTORY PRESENT CNCENTRATION I CONTAMINANTS

Cribs Radiated water 8,089 Curies for WCo, "Sr, 1"R, 1Cs, 'Pu: 18 Curies for 116- Hydrazine, ammonia,
containing activation 116-N-1 (1988 Values) 'Cs, MPu N-1 (1988 Values) chloride, and fluoride
and fission products, test solutions, lead-
small quantities of 1,932 Curies for 116-N-3 2.6 Curies for 116-N-3 acetate battery fluid,
corrosives and (1988 Values) (1988 Values) nickel-cadmium battery
laboratory chemicals fluid, sodium dichromate

French Drains Sulfuric acid or None expected Not applicable Not applicable Acids, caustics, lead
sodium hydroxide wastes found in some of

the drains, others had no
evidence of acid or
heavy metal wastes.

Ponds Used to treat corrosive None expected Not applicable Not applicable Analysis of filter
regeneration effluent, backwash effluent
to settle out solids indicates that it does not
from filter backwash, contain any listed
and to dispose of dangerous wastes.
backwash effluent, the (Krug 1989) Other
130-N-1 pond also contaminant data was
received aluminum unavailable.
sulfate and
polyactylamide

Miscellaneous Decontamination 90,000 gallon spill, wCo (26 Curies) (1972 No data available phosphoric acid,
Liquid Waste wastes containing 70% contained about 35 Value) diethylthiourea, sodium

Facilities phosphoric acid and Curies (1972 Value) hydroxide
diethylthiourea

Sources: DOE 1990d
DOE-RL 1991a
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* 118-N-1

The three 118-N-1 spacer storage silos were used for temporary storage of
irradiated fuel spacers which came in direct contact with the fuel elements in the
reactor. The silos were each 16 feet in diameter and 20 feet deep. Two of the
silos were open-bottomed; the other had a concrete floor. All three were covered
with concrete caps. The silos currently contain dry irradiated spacers (DOE
1990d).

" 116-N-8

The 116-N-8 mixed waste storage area is a concrete-paved, mixed waste container
storage pad. The pad is walled on two sides, covered by a roof, and surrounded by
a curb and a mesh fence. The pad measured 60 feet by 152 feet. Drums and
containers of radioactively contaminated oil and miscellaneous hazardous process
chemicals are stored on the pad (DOE 1990d).

* 120-N-4

The 120-N-4 nonhazardous and nonradioactive storage area is a 100 foot by 75 foot
curbed concrete pad. The pad is used to store nonradioactive and nonhazardous
oils and aqueous liquids. Prior to 1985, the unit was unpaved and used as a
laydown yard for radioactively-contaminated equipment. Information on types and
amounts of wastes for this time period are unavailable (DOE 1990d).

1.3.1.4.4 Sanitary Sewer Systems. The 100-N Area contains ten sanitary septic
systems: one cesspool, one lagoon, one septic tank with an associated tile field, two septic
tanks with seepage pits, and five septic tanks with associated drain fields. Flow rates to the
septic systems ranged from 45 to 50,000 gallons per day.

The 124-N-4 sanitary sewer system has detectable surface contamination. No other
characterization data are available for these facilities in WIDS or the 100-N Area work plans.

1.3.1.4.5 Unplanned Releases. The 100-N Area had 33 unplanned releases
consisting primarily of line leaks and spills during transfers (DOE 1990d). One release
resulted when a contaminated piece of equipment fell off a truck; the other releases involved
spills/leaks of low level radioactive water, petroleum fuels, or nonradioactive chemicals.
Unplanned releases are tabulated in Appendix E.

Radioactive Liquids. Releases of radioactive liquids ranged from less than 100
gallons to over 500,000 gallons. Contamination ranged from less than 1MCi to 35 curies.
Many of the releases were remediated by removal of contaminated soil and/or covering with
clean soil.
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Petroleum Fuels. Diesel and/or fuel oil leaked from pipelines or overflowed from
storage tanks. The fuels were nonradioactive and ranged from 200 gallons up to 80,000
gallons. The extent of remediation on these releases is generally unknown.

Nonradioactive Chemical Liquids. Spills during the transfer of chemicals ranged
from approximately 500 gallons to 3,500 gallons. The chemicals included phosphoric acid
and diethylthiourea mixture, sulfuric acid, and sodium hydroxide. Acid spills were
neutralized with soda ash. Cleanup included removal of contaminated soils and backfill in
some spill areas. The extent of residual contamination is unknown (DOE-RL 1991a).

1.3.1.5 Soils

Most of the wastes generated during the operations of the 100 Area reactors were
disposed to the soils, either intentionally or through leakage. Groundwater mounds existed in
the 100 Area because of the volumes of liquids disposed to the soils. Available data on
nature and extent of soil contamination are summarized in the subsections below. The 100-N
Area soils are discussed in Section 1.3.1.5.4.

1.3.1.5.1 Background Soil Quality (excluding 100-N Area). Background soil
quality data specific to the 100 Area are generally unavailable. Samples are collected
periodically as part of the Hanford Environmental Management Program from locations both
on and off the Hanford Site. These samples are limited in applicability for several reasons:

* No subsurface samples are collected.

o Those samples which are routinely obtained are analyzed for a limited range of
radionuclides.

o Samples are generally collected near sources and are therefore influenced by past
operations.

Data from the 1989 onsite and offsite sampling are presented in Table 1-9. No data
have been developed for nonradioactive inorganic contaminants such as nitrate and
chromium.

A characterization effort is currently underway at Hanford to determine background
concentrations for soils. Available data from this effort are presented in Table 1-10.

1.3.1.5.2 Soil Contamination (excluding N Area). Soil contamination in the 100
Area has resulted from the following potential operational sources:

" Fallout from stack emissions
" Planned releases from waste handling and disposal facilities
" Unplanned releases (Jaquish and Mitchell 1988).
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TABLE 1-9
1989 DATA FROM ONSITE AND OFFSITE SOIL SAMPLING
HANFORD ENVIRONMENTAL MONITORING PROGRAM

Contaminant Onsite Average Offsite Average
I pCi/g (dry weight)" pCi/g (dry weight)"

Strontium-90 0.25 ± 0.33 0.13 + 0.03

Cesium-137 2.48 + 9.90 0.74 +0.27

Plutonium-239/240 0.061 + 0.296 0.013 + 0.033

Uranium 0.60 + 0.51 0.73 0.13

*12 onsite samples, 23 offsite samples.
"The values given after the + sign are two standard errors of calculated mean.
Source: DOE 1990d (Activity as recorded in 1989; Values not decayed to present)

TABLE 1-10. HANFORD SITE SOIL BACKGROUND

CONSTITUENT BACKGROUND VALUE
(ppm)

Aluminum 15,100

Calcium 22,000

Copper 32.2

Iron 38,200

Lead 15.4

Sodium 167

Source: DOE/RL 1992

Table 1-11 contains surface soil data collected in 1987 as part of the Hanford
Environmental Management Program. The environmental samples of surface soil collected
in 1985 by United Nuclear Corporation (UNC) near the retired 100 Area reactor facilities
indicated no release or biotransport of radionuclides to the immediate environment. Table
1-12 presents the range of contaminants found in the 100 Area soils in the 1985 sample
collection (Jacques 1986).

Sampling for vadose zone contaminants was performed in the 1970s by Dorian and
Richards (1978). Their investigation focused on the retention basins and liquid waste
disposal facilities. Contaminant information given in Section 1.3.3.1, Section 1.3.3.2, and
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TABLE 1-11
CONTAMINANT CONCENTRATIONS IN THE 100 AREA SOILS

ENVIRONMENTAL MONITORING AT HANFORD FOR 1987
(pCi/g, dry weight) .

Location Strontium-90 Cesium-137 Plutonium-239/240 Uranium

1 Mile NE of 100-N Area 0.24+ 0.01 0.81+ 0.05 0.015 + 0.001! 0.19 + 0.062

1 Mile E of 100-N Area 0.31+ 0.01 1.1 + 0.1 0.023 + 0.002 0.34+0.10

100 Area Fire Station 0.33 + 0.01 1.3 +0.1 0.017 0.001 0.35 +0.10

Southwest of B/C Cribs 0.02+ 0.01 0.01 +0.02 0.001 + 0.001 0.19+ 0.05

1986 data. Location sampled on alternating years.
Source: Jaquish and Mitchell 1988 (Values not decayed to present)

TABLE 1-12
SOIL CONTAMINATION RANGES IN THE RETIRED 100 AREAS

UNC ENVIRONMENTAL MONITORING PROJECT, FY 1985
(pCi/g, dry weight)

Area Cobalt-60 Strontium-90 Cesium-137 Plutonium-238 Plutonium-239/240

B/C 0.13 - 0.49 0.014 - 0.050 <0.076 - 0.85 <0.00014 - 0.00040 0.00058 - 0.0011

D/DR 0.15 - 0.36 0.033 - 0.075 0.058 - 0.44 <0.00012 - 0.00031 0.0015 - 0.0052

F 0.16 - 0.64 0.050 - 0.56 0.19 - 2.8 <0.00017 - 0.0021 0.0015 - 0.032

H 0.14 0.086 - 0.11 0.23 <0.00013 -0.00025 0.0039 - 0.0074

K 0.11 - 1.6 0.056 - 0.66 0.092 - 2.0 <0.00019 - 0.0051 0.0012 - 0.12

Source: Jacques, 1986 (Values not decayed to present)
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Tables 1-5, 1-6, and 1-8 represents the available data for the 100 Area soils. Sampling data
for nonradioactive contaminants are unavailable.

1.3.1.5.3 100-N Area Background Soil Quality. Background soil samples were
collected at the 120-N-1 Surface Impoundment, the 120-N-2 Percolation Pond, and the north
and south settling ponds. The analyses of these samples can be generalized as follows:

9 Background radionuclide concentrations were low; the radionuclides present
included:
- Uranium
- Potassium-40
- Lead-212
- Lead-214
- Gross beta.

* Background soils contained metals, with low concentrations of volatile organics and
no semi-volatiles (DOE 1990d).

Background values for other sites in the 100-N Area are unavailable.

1.3.1.5.4 100-N Area Soil Contamination. The findings from UNC's 1985
sampling campaign (Jacques 1986) are presented in Tables 1-11 and 1-12 and can be
generalized as follows:

* Environmental samples of surface soil and direct radiation measurements collected
near 100-N Area indicated no significant releases to the immediate environment.

* Radionuclides released to 116-N-1, the 1301-N liquid waste disposal facility, were
detected in the surface soil adjacent to the facility.

e Sediment samples collected from the 1301-N liquid waste disposal facility and 116-
N-3, the 1325-N crib, contained activation and fission products discharged from N
Reactor.

Table 1-13 presents average radionuclide concentrations in the 100-N Area surface
soil from 1981 to 1985.

Subsurface soils near the 116-N-1 crib and trench were sampled in 1982 (Robertson
et. al., 1982) as part of a research project. Data from gamma logs of the boreholes indicate
that very low concentrations of radionuclides such as Cobalt-60, Cesium-137, Antimony-125,
and Ruthenium-106 were present above the water table in the borehole nearest the facility.
Concentrations of the radionuclides in the unsaturated zone decreased in the other two
boreholes which are farther from the crib and trench. Concentrations increased markedly in
the soils at the water table in all three wells. Organics found in the samples include alkenes,

A alkanes, alkynes, elemental sulfur, and three cyclic sulfur species.
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TABLE 1-13
AVERAGE RADIONUCLIDE CONCENTRATIONS IN 100-N AREA SURFACE SOIL

FROM 1981 TO 1985
(pCi/g, dry weight)

Year Manganese-54 Cobalt-60 Strontium-90 Cesium-137 Plutonium-239/240

1980 0.24 0.85 0.18 0.50 0.018

1981 0.16 1.3 0.21 1.0 0.011

1982 0.13 1.6 0.099 0.34 0.0050

1983 0.21 2.7 0.29 0.44 0.0085

1984 NR 0.88 0.28 0.62 0.014

1985 .012 1.2 0.13 0.52 0.013

Source: Jacques, 1986 (Values not decayed to present)
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Studies conducted on 100-N Area soils indicate that radionuclide-specific sorption will
occur and that sorption is dependent upon ionic species; 100-N Area soils have no capacity to
retain iodine and phosphorous and very low capacity to retain tritium. Strontium, cesium,
and other radionuclides will be preferentially sorbed to varying degrees (DOE 1990d).

1.3.1.6 Groundwater

Groundwater contamination in the 100 Area is primarily a result of direct disposal of
liquid wastes to the soil. The groundwater beneath the 100-N Area contains higher
concentrations of a greater number of radionuclides because of its more recent operations.

1.3.1.6.1 Background Groundwater Quality. Groundwater in the unconfined
aquifer on the Hanford Site is characterized as calcium bicarbonate dominant; primary
inorganic constituents include calcium, bicarbonate, sulfate, silica, sodium, chloride,
magnesium, and potassium. Secondary natural constituents occurring in trace amounts (<1
ppm) include ammonia, barium, fluoride, manganese, and strontium. The natural Hanford
groundwater contains moderate total hardness, approximately 120 ppm, and total dissolved
solids, approximately 250 ppm. Background levels for Hanford groundwater are presented
in Table 1-14. Background concentrations have been estimated from groundwater samples
collected as part of the Hanford Sitewide Groundwater Monitoring Project from areas judged
to be unaffected by Hanford operations (Evans et al. 1990).

An effort is currently underway to determine sitewide groundwater background levels.
The initial results from this study are presented in Table 1-15. The information in the table
was taken from Hanford Site Groundwater Background (DOE-RL 1992b) and represents a
compilation of data from the following sources:

" Basalt Waste Isolation Project Hydrochemistry Database
" The Hanford Groundwater Database
" U.S. Geological Survey Data
" Pacific Northwest Laboratories Summary (Evans et. al., 1990).

Background concentrations specific to the 100 Area are not available and use of the
general Hanford Site groundwater data may not be appropriate for all comparisons. Because
of the close proximity to the Columbia River, the river water influx may dominate the flow
system in the vicinity of the reactors, such that background groundwater quality may be
closer to river water quality.

1.3.1.6.2 Groundwater Contamination. Contamination in the groundwater of the
100 Area is a result of past waste disposal practices. Groundwater is monitored routinely for
radioactive and inorganic contaminants. Tritium and nitrate are mobile contaminants found
in the Hanford area groundwater and serve as indicators of the extent of contamination.
Tritium was one of the major radionuclides found in the 100 Area waste streams and nitrate
results from the nitric acid used in reactor decontamination. Hexavalent chromium is another
mobile contaminant which can be used to estimate the extent of contamination. Sodium
dichromate, used to control oxidation of aluminum parts, and chromic acid, used to
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TABLE 1-14
ESTIMATED BACKGROUND LEVELS FOR SELECTED

CONSTITUENTS IN HANFORD GROUNDWATER

Constituent Detectioni Background

Aluminum 26 <2

Ammonia 50 <50

Arsenic 0.2 3.9+ 2.4

Barium 6 42+ 20

Beryllium 03" 0.3

Bismuth 0.02 <o.

Boron 50b <5co

Cadmium 0.2" <0.2

Calcium 50 40,400 ± 10,300

Chloride 500 10,300 + 6,500

Chromium 2b 4.0 + 2.0

Copper 1" <1

Cyanide 10 <10

Fluoride 500 370+ 100

Lead 0.5b <0.5b

Magnesium 10 11,800 L 3,400

Manganese 5 7 +5

Mercury 0.1 <0.1

Nickel 4 <44

Phosphate 1000 <1000

Potassium 100 4,950+ 1,240

Selenium 2b <26

Silver 10 <10

Sodium 10 18,260 ± 10,150

Strontium 20 236+102

Sulfate 500 34,300 ± 16,900

Uranium 0.5* 1.7 L 0.8

Vanadium 5 17+9
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TABLE 1-14
ESTIMATED BACKGROUND LEVELS FOR SELECTED

CONSTITUENTS IN HANFORD GROUNDWATER

Constituent Detection* Background

Zinc 5 6+2

Alkalinity - 123,000 + 21,000

pH -- 7.64 + 0.16

Total Organic Carbon 200 586 347

Conductivity ld 380 + 82'

Gross Alpha O.5 2.5 + 1.40

Gross Beta 40 19+ 120

Radium 0.2 <0.20

Tritium 200c

(a) Units in ppb unless otherwise noted.
(b) Based on Induction Coupled Plasma-Mass Spectrometry (ICP/MS) data.
(c) Units in pCi/L.
(d) Units in pmho/cm.
Source: DOE 1991c (Values reported for 1988)
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TABLE 1-15. HANFORD SITE GROUNDWATER BACKGROUND
SUMMARY OF PROVISIONAL THR ESHOLD VALUES

CONSTITUENT UNITS PROVISIONAL THRESHOLD
VALUE

Aluminum vpb <200

Ammonium npb 120?

Arsenic ppb lob

Barium pb 68.5'
Beryllium pb <5

Bismuth pub <5

Boron nub <100

Cadmium pb <10

Calcium ppb 63,600'

Chloride, Low ppb 8 690

Chloride, High ppb 28,5&0 _

Chromium pub <30

Conper nub <30

Fluoride, LDL ppb 1,340'

Fluoride, LDL pub 775b

Iron, Low pub 86b

Iron, Mid pub 291a

Iron. High pub 8184

Lead pub <5

Magnesium ppb 16,480a

Manganese, Low pb 24.5b

Manganese, High pub 163.5

Mercury nub <0.1

Nickel pub <30

Nitrate ppnb 12,400b

Phosphate pub <1.0000

Potassium npb 7,975'

Selenium nub <5

Silved nub < 10,

Silicon pb 26,5W0 _

Sodium pub 33,5V0 _

Strontium ppb 264.1a
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TABLE 1-15. HANFORD SITE GROUNDWATER BACKGROUND
SUMMARY OF PROVISIONAL THRESHOLD VALUES

CONSTITUENT UNITS PROVISIONAL THRESHOLD
VALUE

Sulfate ppb 90,500)

Uranium pCi/ 3.43

Vanadium ppb 1_5b

Zinc, Low pob <50

Zinc, High ppb 673

Field Alkalinity nob 215,Wo

Lab Alkalinity ppb 210,W00 _

Field pH [6.90, 8.241'

Lab pH [7.25, 8.251?

TOC orb 2610b

TOCO ppb 1,61b

Field Conductivity umho/cm 539a

Lab Conductivity umho/cm 536b

TOX, LDL 60.gb

TOX, LDL" 37.6b

Total Carbon pb 50,1m&b

Gross Alpha pCi/1 63b

Gross Alpha pCi/1 5.79"

Gross Beta pCi/1 35._5b

Gross Beta pCi/1 12.62w

Radium pCi/ 0.23b

Source: DOE-RL 1992b
'Based on normal distribution.
bBased on non-parametric tolerance interval, maximum value reported.
Potential outlier observation(s) were removed.

dBased on inductively coupledlasmamass spectroscopy (ICP/MS).
'From springs data (Early et. ., 198.
<Indicates compound was analyzed for but not detected. Reported value after the "<" sign is the
detection limit.
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decontaminate dummy fuel elements, account for the hexavalent chromium concentrations in
the Hanford groundwater.

Groundwater monitoring efforts for 1989 included analyses of samples taken from 91
wells, 43 of which were in the 100-N Area. Contaminants found in the groundwater which
exceeded (for comparison) the Safe Drinking Water Act (SDWA) Maximum Contaminant
Level (MCL) (40 CFR 141) are presented below (Evans et al. 1990). Tables 1-16 through
1-18 present contaminant ranges for key inorganic constituents, radiological constituents,
nitrate, and volatile organic compounds found the 100 Area groundwater (Evans, et al.,
1990). Table 1-19 presents a list of constituents detected in the 100-N Area which exceeded
drinking water standards (SDWA MCLs) for the period April 1987 to November 1989.

Hexavalent Chromium. Hexavalent chromium was detected in wells in the 100-B/C,
-D/DR, -H, -F, and -K Areas. The maximum concentration, 692 gg/L, was found in a
monitoring well in the 100-D Area. This concentration was lower by a factor of two from
1987. Chromium plumes are centered near the D reactor and south of 116-H-6, the 183-H
solar evaporation basins.

Nitrate. Nitrate was measured at concentrations greater than the 45 mg/L MCL in
all areas.

Tritium. Tritium concentrations greater than the 20,000 pCi/L MCL were detected
in 100-B/C, -D/DR, and -K Areas with the maximum concentration of 882,000 pCi/L found
in the 199-K-30 well.

Gross Alpha. The gross alpha MCL of 15 pCi/L was exceeded in the F and H
Areas. The wells in the F Area with elevated gross alpha contained uranium at levels which
would account for the gross alpha levels detected.

Gross Beta. The 50 pCi/L MCL for gross beta activity was exceeded throughout the
Hanford Site. Gross beta levels in the 100 Area can be attributed mainly to a combination of
uranium and technetium-99 activity. Strontium-90 also contributes to the gross beta activity
in the 100-N Area.

Cobalt-60. Cobalt-60 concentrations were consistently at or below detection limits
except in the 100-N Area.

Strontium-90. Strontium-90 concentrations in the 100-B/C, -D/DR, -F, -K, and -N
Areas exceeded the MCL of 8 pCi/L. The highest concentration of 23,400 pCi/L was found
at 116-N-1, the 1301-N liquid waste disposal facility.

Technetium-99. 100-H Area wells showed technetium-99 concentrations greater than
the 900 pCi/L SDWA MCL.
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TABLE 1-16
CONCENTRATION RANGES OF KEY INORGANIC CONSTITUENTS

IN 100 AREAS GROUNDWATER
1989 SAMPLING DATA

Area Number of Nitrate* Cyanide Filtered
Wells/Number Concentration Concentration Chromium
of Samples Range (pg/L) Range (zg/L) Range (pg/L)

45 pg/L MCL

B/C 4/4 12,900 - -- <10 - 18
48,400

D/DR 3/3 69,500 - -- 120 - 692
122,000

F 4/4 <500 - -- <10 - 13
151,000

H 23/63 4,600- <10 12-420
524,000

K 8/8 3,000- -- <10 - 120
51,300

N 35/148 <500 - 87,900 <10 <10

Source: Evans et al., 1990 (Activities as recorded in 1989; Values not decayed to
present)

* Taken from Table C.2, Evans et al., 1990

Ruthenium-106. Ruthenium-106 has a short half-life (367 days) and is generally
associated with operating reactors. Ruthenium-106 has been detected in the past at the N
Area but could not be detected by routine methods in 1989. The SDWA MCL for
ruthenium-106 is 200 pCi/L.

Antimony-125. Antimony-125 was measured in the 100-N Area near 116-N-3, the
1325-N liquid waste disposal facility, with a maximum concentration of 93.6 pCi/L. The
SDWA MCL for this radionuclide is 300 pCi/L.

Iodine-131. Iodine-131 has a half-life of just over 8 days. This radionuclide has
been detected in the 100-N Area during operating periods but was not measured in 1989 due
to the cold standby status of the 100-N reactor.

Uranium. Uranium levels in two F Area wells increased sharply in 1987 to a
maximum of 414 pCi/L in January 1988. The levels have decreased since that time and a
low of 91 pCi/L was measured in October of 1989. A uranium plume exists in the 100-H
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TABLE 1-17
CONCENTRATION RANGES OF RADIOLOGICAL CONSTITUENTS AND NITRATE

IN 100 AREAS GROUNDWATER
1989 SAMPLING DATA

Area Number of Tritium Nitrate* Gross Beta Stroutium-90 Technetium-99
Wells/Number (pCi/L) (pg/L) (pCi/L) (pCi/L) (pCi/L)
of Samples I I I

B/C 7/19 1,980 - 12,900 - 8.18 - 105 0.45 - 53.5 91.5 - 179
42,900 48,400 ______________

D/DR 3/10 3,690 - 57,000 - 5.14 - 94.7 0.42 - 45.2 0 - 0.51
_________53,300 122,000

F 7/20 56-9,550 <500 - 5.14-271 0-244 0-2
167,000

H 23/90 429-5,280 4,600- 0.22-250 -- 0.01-2440
524,000

K 8/27 491 - 3,000 - 3.4 - 29.8 0.16 - 3.39 2.85 - 18.9
882,000 66,000

N 43/171 27 - 218,000 <500 - 2 - 39,000 0.04 - 23,400 0.58 - 11.1
1=1____ I___ ___ _93,000 __._..___

00 K
0
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TABLE 1-17 (Continued)
CONCENTRATION RANGES OF RADIOLOGICAL CONSTITUENTS AND NITRATE

IN 100 AREAS GROUNDWATER
1989 SAMPLING DATA

Area Gross Alpha Total Cobalt-60 Cesium-137 Plutonium- Iodine-129
(pCi/L) Uranium (pCi/L) (pCi/L) 239/240 (pCi/L)

(pCi/L) J(pCi/L)

B/C 3.33 0.77 - 14.40 0 - 12.70 0 - 3.97 -- --

D/DR -- 0.57 - 2.39 0.81 - 10.90 0 - 7.01 --

F -- 0.16-143 0.89-3.02 0.44-5.26 - --

H 0.18- 133 0.74- 145 1.65-7.44 0-6.2 -- --

K - 1.14 -5.89 0-5.68 0.62-3.3 -- --

N 0.01 - 6.49 0 - 6A1 0.38 - 57 0 - 9.19 0.0021 - 0.0036 0.003 - 0.047

Source: Evans, et al., 1990 (Values not decayed to present)
Taken from Table C.3, Evans, et al., 1990

TABLE 1-18
CONCENTRATIONS OF VOLATILE ORGANIC COMPOUNDS IN 100 AREAS GROUNDWATER

1989 SAMPLING DATA

Area Number of 1,1,1 Chloroform Perchloroethy Carbon Trichloro Trans Total
Wells/ Trichloro- (pg/L) lene Tetra- ethylene dichloro Organic
Number of ethane (pg/L) Chloride (pg/L) ethylene Halogens
Samples (pg/L) (pg/L) (pg/L) (pg/L)

H 23/53 <5 <3 - 28 <5 <5 <5 <5I<2-44

N 34/108 <5 <3 - 21 <5 <5 <5 <5<2-4

'Only four samples greater than 100 pg/L, only one sample greater than 500 pg/L. This number may not be representative.
Source: Evans, et a]. 1990 (Values not decayed to present)
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TABLE 1-19
SUMMARY OF CONSTITUENTS DETECTED

ABOVE DRINKING WATER STANDARDS
AT 100-N AREA,

APRIL 1987 TO NOVEMBER 1989

Primary Water Quality Constituents

Arochlor 1016

Arochlor 1221

Benzene

Cadmium

Cobalt-60

Coliform

Gross Beta

Nitrate

Ruthenium-106

Strontium-90

Tritium

Turbidity

Secondary Water Quality Constituents

Iron

Magnesium

pH < 6.5

pH > 8.5

Specific Conductance

Sulfate

Source: DOE 1990d

Area near 116-H-6, the 183-H solar evaporation basins. The maximum concentration
measured in 1989 was 89 pCi/L.
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Cesium-137, Plutonium. Concentrations for these contaminants were below
detection limits in the 100 Area.

1.3.1.7 Surface Water and Sediments

Routine monitoring of the Columbia River water and sediments was initiated during
1945, shortly after the startup of the original plutonium production reactors, and continues
today as part of the Hanford Environmental Monitoring Program (Jacquish and Bryce 1989).
Throughout the years, sample locations upstream of the Hanford Site, outside the influence
of site operations, and downstream of all site facilities have been maintained to provide
information on the background conditions in the Columbia River and to identify influences
from Hanford operations. The monitoring programs are not, however, designed to
differentiate contributions of contaminants from individual operating facilities or areas.

1.3.1.7.1 Background Surface-Water Quality. Columbia River water samples
were collected upstream of Hanford facilities at Priest Rapids Dam and near the Vernita
Bridge to provide background data from locations unaffected by site operations (Jacquish and
Bryce 1989). Samples collected at Priest Rapids Dam were analyzed for radiological
constituents, while nonradiological analyses were performed on those samples collected near
the Vernita Bridge as part of the Surface Environmental Monitoring Project. In addition to
the Columbia River monitoring performed by Pacific Northwest Laboratories (PNL), the
river-water quality is monitored by the U.S. Geological Survey as part of the national Stream
Quality Accounting Network (McGavock et al. 1987), which provides primarily hydrologic
and nonradiological water-quality data.

Results of the radiological analysis of Columbia River water samples collected at
Priest Rapids Dam during 1988 are summarized in Table 1-20. This table shows that
radionuclide concentrations in the river water are extremely low; several of the radionuclides
identified are undetectable without the use of special sampling techniques and/or analytical
procedures. The 1988 average radionuclide concentrations shown in Table 1-20 are more
than an order of magnitude lower than the applicable drinking water standards in all cases.

Nonradiological water-quality data for the Columbia River upstream of the Hanford
Site are summarized in Table 1-21. Some listed parameters have no regulatory limit but are
useful as indicators of water quality. The results, where duplicated, were in general
agreement and were comparable to levels observed in recent years. In all cases, applicable
standards for Class A designated water were met.

Groundwater seeps are located along the riverbank throughout the 100 Area
(McCormack and Carlile 1984). Because these seep areas reflect groundwater discharge to
the river, background contaminant concentrations are best defined through the analysis of
groundwater samples.

1.3.1.7.2 Surface-Water Contamination. Radiological and nonradiological
pollutants are known to enter the Columbia River from the Hanford Site. In addition to
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direct discharges from Hanford facilities, contaminants in the groundwater from past effluent
discharges are known to be transported into the river.

Columbia River water samples were collected at two locations downstream of
Hanford, the 300 Area water intake and the Richland Pumphouse, to identify possible
influence on contaminant concentrations from Hanford operations (Jacquish and Bryce 1989).
Samples collected from the 300 Area water intake were analyzed for radiological
constituents, while the Richland Pumphouse samples were analyzed for radiological and
nonradiological parameters. The U.S. Geological Survey monitors the Columbia River water
quality at the Richland Pumphouse and several locations farther downstream of the Hanford
Site. Results of the radiological analyses of the Columbia River water samples collected
from the Richland Pumphouse during 1988 are summarized in Table 1-22 (Jacquish and
Bryce 1989). All radionuclide concentrations observed were well below applicable drinking
water standards. Tritium, Strontium-90, and Iodine-129 concentrations were identified as
statistically elevated at the Richland Pumphouse relative to Priest Rapids Dam, thus
indicating an influence from Hanford operations. Concentrations of other constituents
observed at the Richland Pumphouse were similar to those observed at Priest Rapids Dam
(Jacquish and Bryce 1989).

Nonradiological river water quality data at the Richland Pumphouse for 1988 are
summarized in Table 1-23. In general, concentrations of nonradiological water quality
parameters were similar at Priest Rapids Dam and the Richland Pumphouse. No indication
of any significant nonradiological deterioration of water quality along the Hanford Reach as a
result of Hanford Site operations exists. As was the case at Priest Rapids Dam, applicable
standards for Class A waters were met at the Richland Pumphouse.

1.3.1.7.3 Background Sediment Quality. Sediments in the Hanford Reach are
typically sand intermixed with gravel and rock (ERDA 1975). The stream bed in deep
channels is generally sand and gravel, while shallow areas have a bed consisting of sand, silt,
and some clay. Stream beds in the eddying areas of this fast-water stretch are mostly
composed of sand. Slack-water area sediments are made up of sand, silt, and some clay.

Columbia River sediment was sampled routinely from 1945 through 1960 at several
locations along the Hanford Reach. Special studies of the river sediments have continued
through the years and the State of Oregon and PNL have published reports (Beasley et al.
1981, Sula 1980) about radionuclide concentrations in the Columbia River sediments.

Background sediment samples were collected from behind Priest Rapids Dam in 1976
(Robertson and Fix 1977). Cesium-137 was the most abundant fallout radionuclide detected,
with trace amounts of Plutonium-238, Plutonium-239/240, and Americium-241 also present.

Sediment sampling above Priest Rapids and McNary dams was recently reinitiated as
part of the Surface Environmental Monitoring Project. Results of analyses of samples
collected during 1988 were published in Jacquish and Bryce 1989. Concentrations observed
above Priest Rapids Dam provide background information on sediment contamination for the
100 Area. Analyses of the sediment samples included gamma scans, Strontium-90, Uranium-
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Table 1-20
Radionuclide Concentrations Measured in Columbia River

Water at Priest Rapids Dam in 1988, Upstream of the 100-B/C Area.

Concentration (pCi/1t

Radionuclide SaMpes Maximum f Minimum Average

Composite System

Gross alpha 12 0.85 ± 0.81 -0.07 ± 0.20 0.31 ± 0.17

Gross beta 12 2.31 ± 1.00 0.06 ± 1.00 0.96 ± 0.48

3H 12 89 ± 6 56 ± 4 70 ± 6

"Sr 12 0.184 ± 0.084 -0.044 ± 0.072 0.019 ± 0.038

"Sr 12 0.15 ± 0.03 0.05 ± 0.03 0.10 ± 0.02

"U 12 0.27 ± 0.06 0.11 ± 0.03 0.20 ± 0.03

USU 12 0.014 ± 0.013 -0.003 ± 0.008 0.006 ± 0.003

mU 12 0.21 ± 0.04 0.11 ± 0.03 0.17 ± 0.02

Total uranium 12 0.48 ± 0.07 0.23 t 0.05 0.37 ± 0.04

Continuous System

"Co P 20 0.0018 ± 0.019 -0.0012 ± 0.029 -0.0006 ± 0.0008
D 20 0.042 ± 0.041 -0.0027 ± 0.0042 -0.0009 ± 0.0011

,.I D 4 0.000045 ± 0.000005 0.000006 ± 0.0000001 0.000017 ± 0.000019

"'I p 11 0.0026 ± 0.0037 -0.0011 ± 0.0043 0.0008 ± 0.0008
D 11 0.0038 : 0.0073 0.0068 ± 0.00114 -0.0007 ± 0.0023

Scs P 20 0.004 ± 0.0024 0.0002 ± 0.0014 0.0018 ± 0.0005
D 20 0.0067 ± 0.0040 .0.0019 ± 0.0044 0.0028 ± 0.0011

Pu P 4 0.00010 ± 0.00008 0.000002 ± 0.000007 0.00006 ± 0.00005
D 4 0.00010 ± 0.00016 0.00002 ± 0.00005 0.00006 ± 0.00004

'Radionuclides measured using the continuous system show the particulate (P) and dissoived (D) fractions separately. Other
radionuclides are based on samples collected by the composite system.
tMaximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean. It is not
uncommon for individual measurements of environmental radioactivity to result in values of zero or negative numbers from
subtracting out instrumental background.
Source: Jacquish and Bryce 1989
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Table 1-21
Nonradiological Water Quality Data for the Columbia River

Upstream of the Hanford Site 1988.

No. of Annual
Analysis Unit Samples Maximum Minimum Average

PACIFIC NORTHWEST LABORATORY ENVIRONMENTAL MONITORING

pH - 12 8.5 7.4 NA

Fecal coliform #/100 mL 12 130 2 2

Total coliform #/100 mL 12 1,600 2 48'

Biological oxygen demand mg/L 12 5.2 0.7 2.1 ± 0.8

Nitrate mg/L 12 0.23 0.05 0.14 ± 0.03

U.S. GEOLOGICAL SURVEY SAMPLING PROGRAM M

Temperature4  C 365 19.6 1.8 11.3

Dissolved oxygen mg/L 6 13.4 8.8 11.5 ± 1.4

Turbidity NTU 6 1.8 0.4 1.0 0.4

pH 6 8.8 8.0 NA

Feral coliform #/100 mL 6 3 <1 2'

Suspended solids, 105'C mg/L NR

Dissolved solids, 180'C mg/L 6 88 71 81 ± 6

Specific conductance pmhos/cm 6 162 123 140 ± 15

Hardness, as CaCO, mg/L 6 77 58 68 ± 7

Phosphorus, total mg/L 6 0.03 0.02 0.023 ± 0.004

Chromium, dissolved pg/L 3 <1 <1 <1

Nitrogen, Kjeldahl mg/L 6 0.5 <0.2 0.28 ± 0.11

Total organic carbon mg/L 4 2.8 1A 2.1 ± 0.7

Iron, dissolved pg/L 3 65 9 28 37

Ammonia, dissolved (as N) mg/L 6 0.05 <0.01 0.02 ± 0.02

'Average values ±2 standard error of the calculated mean.
Annual median.

'Provisional data subject to revision.
4Maximum and minimum represent daily averages.
Source: Jacquish and Bryce 1989
Legend:
NTU = Nephelometric turbidity units.
NA = not applicable.
NR = not reported.
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Table 1-22
Radionuclide Concentrations for the Columbia River

at the Richland Pumphouse, 1988.

I Concentration (pCi/L)

No. of
Radionuclide- Samples Maximum Minimum Average

Composite System

Gross alpha 12 0.76 ± 0.42 -0.04 ± 0.23 0.29 ± 0.13

Gross beta 12 1.62 ± 1.23 -0.02 ± 0.89 0.87 ± 0.29

'H 12 160 ± 7 98 ± 5 132 ± 10

"Sr 12 0.098 ± 0.083 -0.72 ± 0.68 0.002 ± 0.28

.Sr 12 0.17 ± 0.03 0.08 ± 0.03 0.12 ± 0.02

MU 12 0.28 ± 0.05 0.04 ± 0.02 0.22 ± 0.04

MU 12 0.044 ± 0.020 -0.005 ± 0.000 0.009 ± 0.007

MU 12 0.25 ± 0.05 0.07 ± 0.03 0.18 ± 0.03

Total uranium 12 0.57 ± 0.07 0.11 ± 0.04 0.41 ± 0.07

Continuous System

OCo P 23 0.0059 ± 0.0038 -0.0002 ± 0.0013 -0.0014 ± 0.0005

D 23 0.0113 ± -0.0071 -0.0010 ± 0.0036 0.0029 ± 0.0011

"I D 4 0.00014 ± 0.00002 0.000069 ± 0.000007 0.00010 ± 0.00003

p 12 0.0022 ± 0.0025 -0.0011 ± 0.0034 0.0005 ± 0.0006

D 12 0.0101 ± 0.0164 .0.0116 ± 0.0205 0.0011 ± 0.0033

P 23 0.0057 ± 0.0017 -0.0004 ± 0.0014 -0.0019 ± 0.0005

D 23 0.0130 ± 0.0059 -0.0012 ± 0.0034 -0.0031 ± 0.0014

u P 4 0.00013 ± 0.00006 -0.00002 ± 0.00001 0.0007 ± 0.00005

D 4 0.00005 ± 0.00011 0.000005 ± 0.000057 0.00003 ± 0.00003

fRadionuclides measured using the continuous system show the particulate (P) and dissolved (D) fractions separately. Other
radionuclides are based on samples collected by the composite system.
Maximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean. It is not
uncommon for individual measurements of environmental radioactivity to result in values of zero or negative numbers from
subtracting out instrumental background.
Source: Jacquish and Bryce 1989
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Table 1-23
Nonradiological Water Quality Data for the Columbia River

at the Richland Pumphouse, 1988.

Pacific Northwest Laboratory Environmental Monitoring

Analysis Unit No. of Maximum Minimum Annual
Samples Average

pH - 12 8.3 7.3 NA

Fectal caliform #/100 mL 12 70 2 7

Total caliform #/100 mL 12 240 9 7

Biological oxygen demand mg/L 12 2.5 0.7 1.7 ± 0.4

Nitrate mg/L 12 1.1 0.06 0.3 ± 0.2

U.S. Geological Survey sampling prograne

Temperature' 'C 365 20.0 1.4 11.6

Dissolved oxygen mg/L 4 13.2 10.3 11.7 ± 1.5

Turbidity NU 3 .5 0.6 1.0 * 0.6

pH - 4 8.7 7.9 NA

Fecal coliform #/100 mL 4 8 <1 P

Suspended solids, 105'C mg/L 3 4 <1 <2.7 ± 1.8

Dissolved solids, 180'C mg/L 3 91 74 83 ± 10

Specific conductance pmhos/cm 4 156 122 139 ± 17

Hardness, as CaCO, mg/L 3 76 62 71 9

Phosphorus, total mg/L 3 0.03 0.02 0.023 ± 0.007

Chromium, dissolved pg/L 3 <1 <1 <1

Nitrogen, Kjeldahl mg/L 3 0.3 <0.2 0.27 ± 0.07

Total organic carbon mg/L 4 3.1 1.3 2.2 ± 0.8

Iron, dissolved pg/L 3 8 4 5.3 ± 2.7

Ammonia, dissolved (as N) mg/L 3 0.04 <0.01 0.03 ± 0.02

Average values ±2 standard error of the calculated mean.
bAnnual median.
0Provisional data subject to revision.
'Maximum and minimum represent daily averages.
NTU = nephelometric turbidity units.
NA = not applicable.
Source: Jacquish and Bryce 1989
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235, Plutonium-238, and Plutonium-239/240. Table 1-24 summarizes radionuclide
concentrations detected in sediments collected at Priest Rapids Dam. Background
information for chemical constituents in sediment is not available.

1.3.1.7.4 Sediment Contamination. Radionuclides, including neutron activation
products, fission products, and trace amounts of transuranics, were discharged into the
Columbia River as a result of plutonium production reactor operations in the 100 Area
(Robertson and Fix 1977). The radioactive material was dispersed in the river water and
sorbed onto detritus and inorganic particles, incorporated into the aquatic biota or, for larger
particles of insoluble material, deposited on the riverbed. Some of this material has been
deposited along the shoreline areas above the low river level (riverbank sediments).
Radiation surveys of the exposed shorelines from the 100-B/C Area to the confluence of the
Snake River during 1978 and 1979 revealed several areas with elevated (>25pR/hr)
exposure rates (Sula 1980). The predominant radionuclides present in the riverbank
sediments were Cobalt-60, Cesium-137, and Europium-152 (Sula 1980).

Results from recent sediment-sampling activities at McNary Dam are available for
calendar year 1988 (Jacquish and Bryce 1989) and are summarized in Table 1-24. Surface
sediments behind McNary Dam are known to contain low levels of Hanford-origin
radionuclides (Robertson and Fix 1977, and Beasley et al. 1981) in addition to radionuclides
from atmospheric fallout. As expected, concentrations of Cobalt-60, Strontium-90, Cesium-
134, Cesium-137, Plutonium-238, and Plutonium-239/240 were higher in sediments from
behind McNary Dam than from behind Priest Rapids Dam (Jacquish and Bryce 1989). Data
on chemical characterization of sediments are not available.

1.3.1.8 Air

1.3.1.8.1 Background Air Quality. Background concentrations of airborne
radionuclides have been measured at several distant communities in Eastern Washington at
locations shown in Figure 1-6 (Jacquish and Mitchell 1988). The average values for these
distant communities for 1987 are shown in Table 1-25.

1.3.1.8.2 Air Contamination. Concentrations of airborne radionuclides have been
extensively monitored on the Hanford Site and in nearby offsite communities. Data for the
100 Area are available from four monitoring stations: one each in the 100-K, 100-N, and
100-D Area, and one at the 100 Area fire station. These monitoring locations are shown in
Figure 1-6. The 1987 monitoring data for the 100 Area and nearby communities are
included in Table 1-25.

1.3.1.9 Biota

Very little site-specific data concerning radiological or chemical contamination of
biota in the 100 Area exists. However, the Hanford Environmental Monitoring Program
provides data on radionuclide contamination in biota throughout the Hanford Site.
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Table 1-24
Radionuclide Concentrations in Sediments Collected at

Priest Rapids Dam and McNary Dam, 1988.

Location Radionuclide No. of Concentration (pCi/L)'
Samples Maximum Minimum Average

Priest Rapids Dam WCo 4 0.014 + 0.018 -0.012 + 0.012 0.003 ± 0.012

"Sr 4 0.072 + 0.006 0.00048 + 0.0037 0.026 + 0.031

Cs134c 3 0.0098 + 0.018 -0.0021 ± 0.011 0.0049 ± 0.0072

137Cs 4 0.28 + 0.03 0.24 + 0.02 0.26 + 0.02

2_SUb 4 0.097 + 0.15 0.007 + 0.12 0.063 + 0.042

2nSUb 4 0.79 + 0.38 0.67 + 0.36 0.73 + 0.05

23_Pu 4 0.00026 + 0.00017 0.00004 + 0.00006 0.00015 + 0.00009

239,24_Pu 4 0.0028 + 0.0007 0.0015 + 0.0003 0.0023 + 0.006

McNary Dam lCo 4 0.36 +0.03 0.15 + 0.03 0.27 + 0.11

"Sr 4 0.058 + 0.006 0.036 + 0.005 0.046 + 0.009

'TMCs 3 0.057 + 0.021 0.030 + 0.014 0.044 + 0.016

137Cs 4 0.79 + 0.05 0.63 + 0.04 0.69 + 0.07

235Ub 4 0.22 + 0.14 -0.09 + 0.16 0.05 + 0.13
Ub 4 0.89 + 0.49 0.63 + 0.31 0.78 + 0.12

P238 u 4 0.00059 - 0.00028 0.00020 ± 0.00020 0.00043 + 0.00018

239,240p_ 4 0.011 +0.001 0.009 + 0.001 0.010 + 0.001

aMaximum and minimum values ±2 sigma counting error. Average +2 standard error of the calculated mean.
bUranium-235 and "U by low-energy photon detector (LEPD) method.
Source: DOE 1991c
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Table 1-25
Air Quality Data for Eastern Washington and the Hanford Site, 1987.

Concentrations in Air (pCi/ni)*

Nearby Distant
Constituent Near 100 Areas Onsite (general) Site Perimeter Communities Communities

Gross beta 0.026 ± 0.003 0.027 ± 0.0012 0.026 ± 0.0013 0.025 + 0.0016 0.024 ± 0.0016

Gross alpha 0.0009 + 0.0002 0.0010 ± 0.0001 0.0009 ± 0.0001 0.0009 ± 0.0002 0.0007 0.0001

H-3 1.5 + 1.1 2.1 + 0.5 1.9 0.4 1.5 + 1.1 2.2 +0.8

C-14 -- 1.3 +0.1 -- -- 1.3 ± 0.1

Sr-90 0.00004 ± 0.000061 ± 0.000041 ± 0.000059 ± 0.000054 ±
0.00002 0.000037 0.000017 0.000041 0.000018

1-131 0.001 + 0.001 0.0002 + 0.0006 -0.0002 ± 0.0008 0.0005 0.0017 -0.0007 ± 0.0011

Cs-137 0.004 ± 0.002 0.0000 + 0.0002 0.0002 0.0002 0.0002 0.0002 0.0003 0.0003

'Average values +2 standard error of the calculated mean.
Negative values result from subtracting out instrumental background.
Source: Jacquish and Mitchell 1988
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1.3.1.9.1 Terrestrial Biota. Strontium-90 concentrations in deer bones collected on
the Hanford Site ranged from 0.7 to 58 pCi/g and were comparable to those concentrations
measured in 1985. Cesium-137 concentrations were very low or nondetectable and were in
the range attributable to worldwide fallout. Strontium-90 levels in cottontail rabbits collected
near the 100-N Area indicated that the animals had at some time consumed food or water
contaminated with the radionuclide. Cesium-137 levels in the muscle and Plutonium-239/240
levels in the liver were below detection limits. Mean concentrations of Strontium-90 and
Cesium-137 were similar to levels in previous years (Woodruff, et al., 1991).

Tritium was measured in leaf water extracted from six locust trees growing near the
100-K Area. The maximum tritium concentration was 12,000 pCi/L and concentrations
generally exceeded the concentrations from well water samples taken near the trees (Rickard
and Price 1989).

Deep-rooted plants in the riparian zone may have some usefulness as biological
indicators of radioactive materials in groundwater. These plants have roots deep enough to
contact groundwater. However, uptake quantities depend on plant species, age of growth,
and other factors.

1.3.1.9.2 Aquatic Biota. An extensive survey of the radionuclide concentrations in
aquatic biota at the 100-F Area was done in 1966-1967 (Watson et al. 1970) while the
reactors were still operating. The reported concentrations resulted from bioaccumulation of
reactor generated radionuclides rather than from atmospheric fallout. These radionuclides
would not be expected in samples collected above the Hanford Site.

Whitefish, carp, and bass were collected by Woodruff, et. al., (1991) from locations
along the Columbia River. Whitefish were collected near the 100-D and -N Areas; bass
were collected from the 100-F Area; and carp were collected near 100-N. Strontium-90
concentrations were detected in all the fish carcasses analyzed during 1990. Levels in
whitefish samples collected near the 100-D Area were similar to those collected downstream
of the Priest Rapids Dam. Bass and carp collected near the 100-N Area had higher
concentrations of Strontium-90 than the whitefish. Cobalt-60, Strontium-90, and Cesium-137
concentrations in the fish muscle samples collected from the 100-F and 100-N Areas were
typically below detection limit. Mean combined concentrations of Cobalt-60 and Cesium-137
in the fish muscle samples from the 100-D Area were similar to those collected above the
Vemita Bridge (Woodruff, et. al., 1991).

Clams collected near 100-N had Cobalt-60 and Strontium-90 levels close to detection
limits; Cesium-137 concentrations were below detection limits (Woodruff, et. al., 1991).

Tables 1-26 and 1-27 present radionuclide concentrations found in fish carcasses
collected in 1988 from locations upstream and downstream of the Hanford Site. Table 1-28
presents research conducted on radionuclide contamination of aquatic biota.

1.3.1.9.3 Riparian Biota. The shoreline of the Columbia River adjacent to the 100
Area includes a narrow band of riparian vegetation dominated by reed canary grass and other
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Table 1-26
Radionuclide Concentrations in Columbia River Fish Collected Upstream of the Hanford Site, 1988.

"Co, pCi/g, Wet Weight "Sr, pCi/g, Wet Weight 'Cs, pCi/g, Wet Weight!

No. of No. of No. of

Type Samples Maximum Average Samples Maximum Average Samples Maximum Average

Whitefish Muscle 5 0.011 ± 0.005 ± 5 0.003 ± 0.001 ± 5 0.014 ± 0.008 ±
0.023 0.006 0.003 0.001 0.021 0.010

Whitefish Carcass NS -- -- 5 0.054 ± 0.031 ± NS - --
0.007 0.016 1 1 1

'Maximum values ±2 sigma counting error. Average ±2 standard error of the calculated mean.
NS = No sample.
Source: Jacquish and Bryce 1989

Table 1-27
Radionuclide Concentrations in Columbia River Fish Collected Downstream of the Hanford Site, 1988.

"Co, pCi/g, Wet Weight' "Sr, pCi/g, Wet Weight' mCs, pCi/g, Wet Weight

No. of No. of No. of

Type Samples Maximum Average Samples Maximum Average Samples Maximum Average

Whitefish Muscle 10 0.035 ± 0.016 ± 10 0.005 ± 0.001 t 10 0.039 ± 0.023 ±
0.026 0.012 0.006 0.003 0.022 0.010

Whitefish Carcass NS -- -- 10 0.064 ± 0.026 ± NS -- --

I I 1 1 _ 0.005 0.009

'Maximum values ±2 sigma counting error. Average ±2 standard error of the calculated mean.
Notes: Samples collected in 100-D Area vicinity.
NS = No sample.
Source: Jacquish and Bryce 1989
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grasses, sedges, and rushes. Strontium-90 was measured in the leaves and stems of reed
canary grass in this zone at locations downstream from the 100-K Area. The highest
concentrations were measured in samples collected near the 100-N Area and the lowest in
those samples collected near Richland (Rickard and Price 1989)..

Strontium-90 was measured in the eggshells of Canada geese nesting on islands,
including Plow Island near Ringold, in the Columbia River. These data show that Strontium-
90 of Hanford Site origin is available to geese. However, the concentrations are too low to
observe health or reproductive defects in wild geese (Rickard and Price 1989).

The great blue herons that nest on the Hanford Site feed mostly on Columbia River
fish and can serve as biological indicators of chemical contamination in the riparian
environment (Rickard et al. 1978; Fitzner et al. 1981, 1988; Blus et al. 1985; Riley et al.
1986). Toxic metals, such as lead, cadmium, and mercury, have been measured in the nest
debris (feces and food scraps) at one Hanford Site heron rookery. However, the levels of
these metals found in herons on the Hanford Site are lower than these reported elsewhere in
the Northwest (Fitzner et al. 1982). Heavy metal concentrations have also been examined in
eggs and in young herons from Hanford (Blus et al. 1985). Although no elevated levels
were detected for lead, copper, zinc, or mercury, these data provide a useful baseline for
comparison in future studies.

Birds of prey, particularly owls, have been implicated in the spread of radionuclides
near the 100-D, 100-F, and 100-H reactors (Caldwell and Fitzner 1984). Pellets and
regurgitated undigestible prey remains were found that contained Manganese-54, Cobalt-60,
Cesium-137, Europium-152,-154,-155, and two natural occurring radionuclides, Potassium-
40 and Radium-226. The mean Cesium-137 concentration for barn owl pellets collected near
the 100-D, 100-F and 100-H Areas was 3.1 (± 1.1) pCi/g dry weight. Pellet analysis show
these owls were feeding mostly on small mammals.

1.3.2 Physical Setting

1.3.2.1 Topography

The 100 Areas lie on a relatively flat bench between the Columbia River and Gable
Mountain and Gable Butte. Gable Mountain and Gable Butte separate the 100 Area from the
rest of the Hanford Site. Gable Mountain in an elongated anticline rising 1086 ft above
mean sea level. The average elevation of the 100 Area is approximately 400 feet. The land
surface slopes gently to the north from the bases of Gable Mountain and Gable Butte toward
the Columbia River.

The Columbia River defines the northern boundary of past activities at the Hanford
Site. However, contamination may extend beyond the riverbank to include sediments and
surface water affected by releases from Hanford operations.
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TABLE 1-28
RESEARCH DATA ON RADIONUCLIDE CONTAMINATION LEVELS OF

AQUATIC BIOTA

AUTHOR SUBJECT

Jacquish and Bryce (1989) Whitefish muscle and carcasses collected near the 100-
D Area.

Cushing et al. (1981) Bass muscle and carcasses, other aquatic organisms
collected just downstream from the 100-H Area in
1971 and 1972.

Annual radiological Data similar to those presented in Jacquish and Bryce
surveillance reports of the (1989) are available for years previous to 1988.
Hanford Site

Watson et al. (1970) An extensive survey of the radionuclide concentrations
in aquatic biota at the 100-F Area (in 1966 and 1967).
These data were obtained while the reactors were still
operating and represent radionuclides collected under
those conditions.

Cushing (1979) Concentrations of 22 stable elements in phytoplankton,
caddisfly larvae, and whitefish muscle. These samples
were collected from the Columbia River downstream of
the 100-B/C Area.

Source: DOE 1991c

1.3.2.2 Geology of the Hanford Site

Hanford Site geology has been studied extensively as part of site characterization
activities for the Basalt Waste Isolation Project. Other geologic studies have been completed
to support facility siting and groundwater studies. The following provides a summary of
previous geologic studies compiled in Liikala et al. 1988.

The Hanford Site lies within the Columbia Plateau physiographic province. The
province is underlain by the Miocene age Columbia River Basalt Group (CRBG). The
geologic units beneath the Hanford Site are, in ascending order: the CRBG, the Ringold
Formation, a Plio-Pleistocene unit, and the Hanford Formation. Locally, Pleistocene and
Holocene alluvium, colluvium, and eolian deposits veneer the surface. The stratigraphy is
shown in Figure 1-7.

1.3.2.2.1 Columbia River Basalt Group. The CRBG forms the bedrock of the
Pasco Basin. The CRBG was emplaced between 6 and 17 million years before present (Ma)
from fissures in southeastern Washington and adjacent parts of Idaho and Oregon. Five
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formations make up the Columbia River Basalt Group (Ledgerwood et al. 1978; Swanson et
al. 1979). Beneath the Pasco Basin, the CRBG may be as thick as 14,000 ft (4,267 m). The
upper flows of the CRBG may be interbedded with Miocene sediments of the Ellensburg
Formation (Swanson et al. 1979).

1.3.2.2.2 Ringold Formation. The Ringold Formation was deposited over the
CRBG between 8.5 and 3.7 Ma in a fluvial/flood plain environment (Myers et al. 1979).
The maximum thickness is estimated at more that 1,200 ft (366 m).

Within the Pasco Basin, the Ringold Formation is divided into three stratigraphic
section types as shown in Figure 1-8 (Tallman et al. 1981).

Section Type I, located throughout the central Pasco Basin, is subdivided into four
textural units (Tallman et al. 1981):

* Basal Ringold unit, sand and gravel
* Lower Ringold unit, clay silt, and fine sand with minor gravel lenses
e Middle Ringold unit, occasionally cemented sand and gravel
a Upper Ringold unit, fine sand and silt.

Section Type II consists of predominantly silt, sand, and clay with minor gravel
lenses, and is found north and east of Gable Mountain. Section Type III is composed of
talus, slope wash, and side-stream deposits that occur along the flanks of anticlinal ridges and
interfinger with the central basin deposits.

1.3.2.2.3 Plio-Pleistocene Unit. The Plio-Pleistocene unit overlies the Ringold
Formation in the western part of the Hanford Site near the 200 West Area. This eolian silt
and fine sand unit was deposited as reworked Ringold sediments. Relatively high caliche
contents are found in much of this unit. This unit does not occur within the 100 Area.

1.3.2.2.4 Hanford Formation. The Hanford Formation lies unconformably on the
eroded surface of the Ringold Formation, the Plio-Pleistocene unit, and locally, the basalt
bedrock. The Hanford Formation consists of cataclysmic flood sediments. These sediments
originated when ice dams in western Montana and northern Idaho broke resulting in massive
volumes of water flooding across eastern and central Washington. The floods scoured the
land surface, locally eroding the Ringold Formation, upper basalt flows, and interbeds.

Cataclysmic flood deposits are locally divided into two main facies, the Pasco Gravels
and the Touchet Beds. The Pasco Gravels are composed of poorly sorted gravels and coarse
sands. The Touchet Beds consist of rhythmically bedded sequences of graded silt, sand, and
minor gravel units (Myers et al. 1979).

1.3.2.2.5 Surficial Deposits. Eolian sediments, consisting of loess, active and
inactive sand dunes, alluvium, and colluvium, locally veneer the surface of the Hanford Site.
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1.3.2.2.6 Geologic Structure. The major structural feature of the region is a series
of sub-parallel, west-to-northwest-tending folds known as the Yakima Fold Belt. Umtanum
Ridge and Cold Creek Valley, west of the 100 Area, are examples of structurally controlled
anticlinal ridges and synclinal valleys. Gable Butte and Gable Mountain on the Hanford Site
represent an eastward extension of the Umtanum Ridge structure (Fecht 1978). The 100
Areas lie in the Wahluke syncline of the Yakima Fold Belt. This syncline is a down-warped
valley between the Gable Mountain and the Saddle Mountain anticlines.

1.3.2.3 Hydrogeology of Hanford Site

The Hanford Site lies near the center of the Pasco Basin. Groundwater at the Site
occurs under both unconfined and confined conditions. The unconfined aquifer is within
sedimentary deposits of the Ringold and Hanford Formations.

The depth to groundwater beneath the 200 Area plateau of the Hanford Site is
generally 200 to 300 ft (61 to 91 m) below land surface (bls). However, north and east of
Gable Butte in the 100 Area, the water table is shallower and lies within the Hanford
Formation at depths of less than 200 ft (30 m) (Liikala et al. 1988).

The confined aquifers of the regional groundwater flow system are mostly contained
in the rubbley interflow zones and in sedimentary interbeds of the CRBG. Intermediate or
local confined systems also may occur in the Ringold Formation, where clay units act as
aquitards.

A regional water table contour map is presented in Figure 1-9. Groundwater moves
eastward across the Site and north to northeast beneath the 100 Area toward the Columbia
River. The river serves as the regional discharge for both the unconfined and confined
aquifers. The general eastward groundwater flow is interrupted by artificial recharge
mounds near the 200 Areas. Precipitation and runoff provide natural recharge to the
unconfined aquifer.

1.3.2.3.1 Hydrogeology of the 100 Area

Hydrostratigraphy. Six hydrostratigraphic units are identified beneath the 100 Area.
They are: lower confined aquifer system, lower aquitard, upper confined aquifer system,
upper aquitard, unconfined aquifer, and the vadose zone. Figure 1-7 shows the
hydrostratigraphy for the 100 Area. The four upper hydrostratigraphic units are of
importance to the 100 Area.

Upper Confined Aquifer

The upper confined aquifer is contained in the basal Ringold Formation and
consists primarily of clays, sand, and gravel. The hydraulic conductivity of the
basal Ringold Formation has not been measured in the 100 Area; however, since it
contains significant quantities of clay and silts, conductivity is expected to be low.
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" Upper Aquitard

The upper aquitard is comprised of the clays, silts, and fine sands of the lower
Ringold unit. The estimated vertical hydraulic conductivity of this zone from test
results at 100-H Area is 10 ft/day (Liikala et al. 1988).

" Unconfined Aquifer

The unconfined aquifer is primarily found within the Ringold Formation above the
lower Ringold unit. Portions of the Hanford formation may be locally included.
An important hydrostratigraphic zone in the unconfined aquifer is a silty sand zone
that separates the relatively coarse upper and lower sand and gravel zones. This
zone may act as an aquitard and restrict groundwater flow between the upper and
lower portions of the unconfined aquifer. 100-H Area aquifer tests results provide
a hydraulic conductivity range of 10 to 100 ft/day for the silty sand and gravelly
silt sand units of the Ringold Formation (Liikala et al. 1988).

* Vadose Zone

Vadose zone sediments range in particle size from boulders to silt. Field water
contents of these sediments range up to 11 percent at the 100-H Area (Liikala et al.
1988).

Groundwater Flow. In general, groundwater flows toward the river. Studies at
some 100 Area facilities show that gradient reversals occur near the river due to fluctuations
in river stage. Depth to groundwater in the 100 Area ranges from about 40 ft (12 m) near
the river to 200 ft (61 m) at the southern margin. The hydraulic gradient ranges from 0.001
to 0.0001 ft/ft (m/m).

1.3.2.4 Surface Water Hydrology

1.3.2.4.1 Drainage Patterns and Surface Run-off. No well-defined drainage
channels exist within the 100 Area. The surficial deposits of the area are highly permeable
and consist primarily of coarse sands, pebbles, cobbles, and boulders. Direct precipitation
over the unit is mostly lost through evaporation, transpiration, and infiltration (ERDA 1975).
Normal precipitation, 6.25 in. (15.9 cm) per year (Stone et al. 1983), and extreme
precipitation events in combination with high evaporation and soil infiltration capacities, does
not generate significant surface runoff. Any surface runoff, however, would flow toward the
Columbia River.

1.3.2.4.2 Seeps and Springs. Small groundwater seeps have been seen during low
river stage near many of the reactor areas (McCormack and Carlile 1984). Seepage is partly
from bank storage and is affected by changes in river stage. During periods of high river
stage, the flow of groundwater may be temporarily reversed. The volume of the seep
discharges has not been quantified. No other naturally occurring surface water exists in the
100 Area.
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1.3.2.4.3 Streamflow Characteristics. The Columbia River is the largest river in
the Pacific Northwest and the fifth largest river (by volume) in North America. Eleven dams
regulate its flow within the United States: seven upstream and four downstream of the
Hanford Site. Priest Rapids Dam, located at approximate river mile 397, is the nearest
impoundment upstream of the Hanford Site. McNary Dam in the nearest dam downstream,
at river mile 292.

The Hanford Reach extends from Priest Rapids Dam to the head of Lake Wallula, the
impoundment behind McNary Dam, at approximate river mile 351. The Hanford Reach is
not impounded; however, it is regulated by Priest Rapids Dam. River discharge peaks in
June and is lowest in September and October. Table 1-29 describes the major characteristics
of the Columbia River.

TABLE 1-29
COLUMBIA RIVER STREAMFLOW CHARACTERISTICS

CHARACTERISTIC VALUE

Wetted width through the Hanford Reach. 1,000 to 2,600 ft
(305 to 792 m)

Typical maximum river depths near the 100 10 to 40 ft
Areas'. (3 to 12 m)

River elevation daily variance due to water up to 5 ft
releases from Priest Rapids Dam (ERDA (up to 2 m)
1975).

River surface velocities through the <3 ft/s to > 11 ft/s
Hanford Reach (ERDA 1975). (<0.85 m/s to >3.1 m/s)

Summer, fall, and winter typical daily flow 36,000 to 250,000 fte/s
rates. (1,020 to 7,075 m3/s)

Spring runoff peak flow rates. up to 450,000 ft/s
(12,700 m3/s)

Recent annual flows at Priest Rapids Dam. 100,000 to 120,000 ft3/s
(2,830 to 3,400 m3/s)

Long-term annual average flow at Priest 120,000 f/s
Rapids Dam. (3,400 m3/s)

a) At normal flow rates.
b) Depending on discharge.
c) Based on 68 years of records (McGavock et al. 1987).
Source: DOE 1991c
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1.3.2.4.4 Flooding Potential. Maximum Columbia River floods of historical record
occurred in June 1894 and June 1948. Maximum flows during these floods were about
740,000 and 690,000 fW/s (20,900 to 19,500 m3/s), respectively (McGavock et al. 1987).
Construction of several dams upstream of the Hanford Site since 1948 has significantly
reduced the likelihood of recurring floods of this magnitude (DOE 1987). The probable
maximum flood has been calculated to be about 1.4 million fe/s (39,600 m3/s) and would be
expected to inundate the northern and eastern portions of the 100 Area (DOE-RL 1982, DOE
1987, Cushing 1988). The flooded area for a flood of this magnitude is shown in
Figure 1-10. The 100-year and 500-year floods, which would be of lower flow volume than
the probable maximum flow, are not expected to significantly affect the area.

1.3.2.5 Meteorology

Climatological data are available from the Hanford Meteorological Station (HMS),
located between the 200 East and 200 West Areas in the central portion of the Hanford Site.
Data have been collected at the HMS since 1945, and precipitation and temperature data
from nearby locations are also available for the time period 1912 through 1943. Data from
the HMS are assumed to represent the general climatic conditions for the entire site. The
summaries presented in the following sections were extracted from DOE 1987. Data from
the Vernita Bridge climatological station were not included.

1.3.2.5.1 Precipitation. The Hanford Site is located within a rain shadow formed
by the Cascade Mountains to the west. The average annual precipitation at the site is 6.3 in.
(16 cm). Most of the precipitation takes place during the winter, with nearly half of the
annual amount occurring from November through February. Average winter monthly
snowfall ranges from 0.3 in. (0.8 cm) in March to 5.3 in. (13.5 cm) in January.

Days with precipitation greater than 0.5 in. (1.3 cm) occur with a frequency of less
than 1 percent during the year. The average annual relative humidity is 54 percent.
Humidity is higher in winter than in summer, averaging about 75 and 35 percent,
respectively.

1.3.2.5.2 Temperature. Average monthly temperatures at the Hanford Site range
from 29*W (-1.5*C) in January to 76*F (24.7*C) in July.

1.3.2.5.3 Wind. In general, prevailing wind directions are from the northwest
throughout the year. Monthly average wind speeds are lowest during the winter, averaging
6.2 to 6.8 mi/h (10 to 11 km/h). Monthly average wind speeds peak in the summer,
averaging 8.7 to 9.9 mi/h (14 to 16 km/h). Wind speeds well above average are usually
associated with southwesterly winds. In the summer, high-speed winds from the southwest
are responsible for most of the dust storms in the region. High-speed winds are also
associated with afternoon winds and thunderstorms. The summertime drainage winds are
usually northwesterly and frequently reach 31 mi/h (50 km/h). An average of 10
thunderstorms occur each year, usually during the summer.
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1.3.2.5.4 Evapotranspiration. Mean annual evapotranspiration for the Hanford area
is about 60 in. (74 cm). The actual annual evapotranspiration rate under normal conditions
for a 6-in. (15-cm) assumed available water capacity is estimated to be about 7 in. (18 cm)
(USWB/USDOA 1962).

1.3.2.6 Environmental Resources

1.3.2.6.1 Flora. The natural vegetation consists mostly of a sparse covering of
desert shrubs and drought-resistant grasses, predominantly from the sagebrush/cheatgrass/
bluegrass community. Bitterbrush and rabbitbrush are also common shrubs (DOE 1987;
PNL 1988). A narrow riparian zone, consisting of grasses and herbs interspersed with a few
deciduous shrubs and trees, exists along the banks of the Columbia River.

Endangered and threatened flora that could exist at the Hanford Site are listed in
Table 1-30. Persistentsepal yellowcress is found along the Hanford Reach and has recently
been located in the 100-B and -D Areas (Sackschewsky and Landeen, 1992).

1.3.2.6.2 Fauna. Predominant fauna of the sagebrush/grass community that may
reside in or near the 100 Area are the cottontail rabbit, jackrabbit, Great Basin pocket
mouse, homed lark, and western meadowlark. Mule deer, coyotes, and assorted species of
raptors forage in this habitat type, and grasshoppers are the most conspicuous insects in the
community (DOE 1987). Shade trees provide nesting sites for hawks, owls, and great blue
herons as well as perches for wintering bald eagles (Rickard et al. 1980, Rickard and Watson
1985).

Dominant riparian fauna along the Columbia River include swallows, gulls, and
waterfowl (ducks and geese). The long-billed curlew is also known to nest within the
cheatgrass habitat in the 100 Area (Allen 1980).

The Columbia River is the dominant aquatic ecosystem on the Hanford Site and
supports a large and diverse community of plankton, benthic invertebrates, fish, and other
communities. Phytoplankton (free-floating algae) and periphyton (sessile algae) are abundant
in the Columbia River and provide food for herbivores such as immature insects, that are
consumed by carnivorous species. Game species in the Columbia River include salmon,
bass, sturgeon, steelhead, and whitefish.

Table 1-30 lists endangered and threatened fauna that potentially occur at the Hanford
Site. Of the threatened species that could be found at the Hanford Site, only the bald eagle
is known to frequent the 100 Area. Endangered animal species likely to occur on and along
the Columbia River in or near the 100 Areas are the American white pelican, the peregrine
falcon, and the sandhill crane.

1.3.2.6.3 Critical Habitats. Bald eagle roost trees, and nesting and foraging areas
are regarded as critical habitats for this species (Washington State Department of Wildlife
1987). No other critical animal habitats exist in the 100 Area due to the transient use of the
100 Area by other endangered and threatened animal species.
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TABLE 1-30. ENDANGERED AND THREATENED SPECIES
POTENTIALLY FOUND ON THE 100 AREA

SPECIES NOTES

Endangered Vascular Plants

Persistentsepal yellowcress Known to have a scattered distribution because of specialized habitat
(Rorippa colwnbiae) requirements or habitat loss; generally occurs in marshy places; known to

inhabit wetter shoreline of Hanford Reach in Benton County

Northern Wormwood Rare, local endemic species near the river; not known from the Hanford Site
(Artemisia campertris ssp but reported just to the north near Beverly, Grant County
borealis var workskioldii)

Threatened Vascular Plants

Columbia milk-vetch Locally endemic to area near Priest Rapids Dam; could potentially occur in
(Astragalus columbianus) Northwest portion of Hanford Site along the Columbia River

Hoover's desert parsley Locally endemic to south-central Washington, including Benton County; known
(Lomatiun tuberosum) to inhabit rocky hillsides

Endangered Birds

American white pelican Flocks have recently become common in the Columbia Basin during all seasons
(Pelecanus foraging on fish, amphibians, and crustaceans, and roosting on islands
erythrorhynchus)

*Peregrine falcon Breeds and winters in eastern Washington, inhabiting open marshes, river
(Falco peregrinus) shorelines, wide meadows, and farmlands; nests on undistrubed cliff faces; an

erratic visitor to the Hanford Site

Sandhill crane Inhabits open prairies, grainfields, shallow lakes, marshes, and ponds; common
(Grus canadensis) migrant during spring and fall in Washington; some known and suspected

nesting sites in eastern Washington; an occasional visitor at Hanford

Threatened Birds

*Bald eagle Regular winter visitor to the Columbia River, feeding on spawned-out salmon
(Haliaeetus leucocephalus) and waterfowl; they roost in the 100 Area and nest (unsuccessfully to date)

along the Hanford Reach

Ferruginous hawk Inhabits open prairies and sagebrush plains, usually with rocky outcrops or
(Buteo regalis) scattered trees; known to nest in Benton and Franklin Counties including the

Hanford Site; rarely winter in Washington, but are known to occasionally
forage on small mammals, birds, and reptiles on sagebrush plains of the
Hanford Site

Threatened Manmmals

Pygmy rabbit Inhabits undistrubed areas of sagebrush with soils soft enough to permit
(Sylvilagus idahoensis) burrows; once known to exist on the Hanford Site west of the 200 Area plateau

Source: DOE 1990a-f, DOE 1991a-f
* Indicates both state and federal designation
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1.3.2.6.4 Land Use. Access to the entire Hanford Site is administratively controlled
by the DOE (DOE 1987). The site' is zoned as an unclassified use district by Benton County
and, under the county's comprehensive land-use plan, the Hanford Site may be used for
nuclear-related activities. Nuclear and non-nuclear activities are authorized only on approval
from DOE.

Land use in the area surrounding the Hanford Site consists primarily of irrigated and
dry-land farming, livestock grazing, and urban and industrial development. (DOE 1987)
Immediately north and across the river from the 100 Area are the 32,100-acre Saddle
Mountain National Wildlife Refuge and the 55,600-acre State of Washington Department of
Wildlife Reserve (Figure 1-1). These lands provide a buffer zone around the reactor
complexes (DOE 1987).

1.3.2.6.5 Surface Water. The Hanford Reach of the Columbia River, near the 100
Area, is used for boating, fishing, hunting, and swimming (EPA 1988b). The 181-B
pumphouse supplies portable and process water to the 100-B/C, 100-D, 100-N, 100-K, and
200 Areas. The nearest downstream water intake is the 181-D pumphouse; the next
downstream water intake is the Ringold Fish Hatchery. The Richland pumphouse, the first
point of withdrawal for public use, is located 12.5 miles downstream of the 100-F Area.

1.3.2.6.6 Groundwater. The nearest known non-Hanford groundwater well is
located about 4 mi (6 km) upstream at the Vernita Bridge rest area. Because of the buffer
zone and the surrounding land use, private wells would be located at a minimum of 5 mi (8

km) from the 100 Area to the northwest.

1.3.2.6.7 Sensitive Environments. The Hanford Reach is the only significant
stretch of the Columbia River within the United States above Bonneville Dam that is not
impounded by a dam (PNL 1988). The reach has also been designated as a Class A
(excellent) surface water by the State of Washington (WAC 173-201). This designation
requires that water quality be maintained for the following uses:

" Domestic, industrial, and agricultural water supply
" Stock watering
" Fish and shellfish migration, rearing, spawning, and harvesting
* Wildlife habitat
" Recreation (including primary contact recreation)
" Commerce and navigation.

1.3.2.7 Human Resources

The Hanford Reach is under consideration for designation as a Wild and Scenic
River. This designation could have impacts on removal actions at Hanford.

1.3.2.7.1 Demography. No one resides on the Hanford Site. The working
population for the entire 100 Area is about 760 persons (EPA 1988b). a
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1.3.2.7.2 Archaeological Resources. Archaeological sites are found in several
locations on the Hanford Site including locations along the Hanford Reach. Both the
Ryegrass and the proposed Coyote Rapids Archaeological Districts are located on or near the
100 Area. Site 45BN153, lying partially within the 100-B/C Area, consists of house pits and
an open campsite but is not considered eligible for the National Register of Historic Places.
The other two sites lie on the opposite bank of the Columbia River across from the 100-B/C
Area. The K Area includes two campsites and one cemetery, all three contained in the
Ryegrass Archaeological District. The N Area has 8 sites, three of which are located north
of the river. No information is available for sites in the D Area, but several sites are located
in the vicinity of the 100-H Area. Archaeological sites at the Hanford and White Bluffs
townsites, as well as old ferry crossings, are the only sites associated with the F Area.

1.3.2.7.3 Historical Resources. The 100-B reactor is listed on the Historic
American Engineering Record and may be nominated to the National Register of Historic
Places by DOE. Gable Butte is a part of the Gable Mountain/Gable Butte Cultural District.
The district is being nominated to the National Register of Historic Places on the basis of its
archaeological and Native American cultural/religious significance. (Chatters 1989).

1.3.2.7.4 Community Involvement. The involvement of the potentially affected
community with respect to the RI/FS for the 100 Area is described in the Community
Relations Plan (CRP) that has been developed for the Hanford Site Environmental
Restoration Program. The CRP includes a discussion and analysis of key community
concerns and perceptions about the project, with a list of all interested parties.
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2.0 POTENTIAL CONTAMINANTS OF CONCERN

An essential element of the feasibility study is to determine the contaminants that must
be remediated in the 100 Area. Contaminants of concern were identified in each of the
eleven draft 100 Area OU work plans. However, the approach for determining contaminants
of concern was not consistent among the work plans. Therefore, one objective of this study
was to provide a uniform methodology for the entire 100 Area so as to arrive at a defensible
list of contaminants to be considered in the Phase I/II FS.

Data presented in the source OU work plans included both solid wastes and soil
wastes. Therefore, for the determination of contaminants of concern, no distinction was
made between these two media.

The results of this study are not intended to provide a final determination of
contaminants of concern; that determination will be made as a result of collecting additional
field data and conducting operable unit baseline risk assessments. Such risk assessments are
not within the scope of this Phase 1/11 FS.

The determination of contaminants of concern for the 100 Area was conducted in two
phases. The first phase entailed:

" Identification of radiological and/or chemical substances potentially released in the
100 Area

" Comparison of concentration data with background concentrations and established
regulatory limits.

The end-product of the first phase is a list which is referred to as "regulatory
contaminants of concern."

The second phase, utilizing the results of the first phase, consisted of a qualitative
toxicity assessment. The purpose of this assessment was to determine which of the
regulatory contaminants of concern were of toxicological significance. The end-product of
the second phase is a list of potential contaminants of concern to be used for evaluating
remedial alternatives. This list is provided in Table 2-1. The details of the approach used in
both phases of the effort are given in Appendix A. The general methodology is summarized
in the subsections below.

2.1 REGULATORY CONTAMINANTS OF CONCERN

The determination of regulatory contaminants of concern was based upon five key
elements:
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* Data showing that a chemical or radionuclide was used or generated within an
operable unit and subsequently was released or potentially released to the
environment

* Regulatory status of radionuclides or chemicals and their constituents

" Sample concentration data

" Background concentration data

" Comparison of sample concentration data with background and regulatory limits.

Decision logic diagrams were developed to determine the regulatory contaminants of
concern. Figures 1 and 2 of Appendix A provide the decision logic diagrams for
nonradiological, chemical substances and radiological substances, respectively. Inputs used
in the decision diagrams include:

" Chemical and radiological substances used and/or released
" Environmental sampling data
" Regulatory limits and background concentrations
" Inventory and disposal records.

The decision logic diagrams were also used to determine suspect contaminants.
Suspect contaminants are contaminants that have been detected in environmental samples in
the 100 Area at concentration levels below background concentrations or below regulatory
limits. The suspect contaminant list identifies those contaminants for which subsequent data
collection can confirm whether or not the contaminants are present in concentrations below
regulatory concern. When subsequent data become available, the suspect contaminants
would be re-evaluated.

Table 1 of Appendix A provides a list of the regulatory contaminants of concern and
suspect contaminants. The contaminants are differentiated on the basis of groundwater
versus source (e.g., soil) operable unit contaminants. 100-N Area contaminants are
identified separately. Non-radiological (chemical) contaminants are identified separately
from radiological contaminants.

Nonradiological contaminants are further categorized as:

* Metals;
" Nonmetallic inorganic ions and compounds;
" Volatile organic compounds; and
" Other organic compounds.
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2.2 QUALITATIVE TOXICITY ASSESSMENT

The qualitative toxicity assessment further refined the contaminant of concern
determination by evaluating the toxicological significance of each regulatory contaminant of
concern. The toxicity assessment was based upon five key elements:

" Review of supplemental Region X EPA guidance (EPA Region X 1991) which
eliminates certain metallic contaminants based upon previous determinations of low
or negligible toxicity

* Determination of the carcinogenicity of each contaminant

* Determination of reference doses for each non-carcinogen

" Calculation of a hazard quotient for non-carcinogens based on an ingestion
exposure route

" Assessment of calculation results based upon EPA guidance on contaminant
screening.

The key assumptions and limitations regarding the qualitative toxicity assessment are
listed as follows:

" The assessment only considered risk-based factors; compliance with ARARs was
not considered.

* Only regulatory contaminants of concern were assessed in the qualitative toxicity
assessment; suspect contaminants were not assessed.

* Contaminants dropped as a result of the toxicity assessment are placed on the
suspect list.

* Assumptions on carcinogenicity:

- All radionuclides were assumed to be carcinogenic
- Carcinogens are defined by the Health Effects Assessment Summary Tables

(HEAST) (EPA 1991) and from the Integrated Risk Information System (IRIS)
on-line database. The following are descriptions of the groups of carcinogens as
provided in HEAST, Table B, or by IRIS as a Group A, Bi, or B2 carcinogen

- Petroleum products are assumed to be carcinogenic because of benzene
- All carcinogens are assumed to be of toxicological significance and thus are

potential contaminants of concern.
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Assumptions for toxicity screening hazard quotient calculation (noncarcinogens):

- The ingestion exposure route was assumed for all calculations (Equations 9 and
15 in EPA guidance).

- A hazard quotient of 0.1 was assumed for screening as recommended by EPA
guidance.

- The equations utilized combine ingestion by both children and adults.
- Individual hazard quotients were calculated for each contaminant; cumulative

effects were not considered.
- If an oral reference dose has not been established then the contaminant was

placed on the suspect contaminants list.
- For noncarcinogens with an established oral reference dose: if no sampling data

are available then the contaminant was assumed to be a potential contaminant of
concern as the hazard quotient could not be computed.

2.3 POTENTIAL CONTAMINANTS OF CONCERN AND SUSPECT
CONTAMINANTS

The final list of potential contaminants of concern represents a composite of those that
are both of regulatory and of toxicological significance. The final listing is given in Table 2-
I below. This list is generated for the purpose of assembling possible remedial alternatives.
That is, the contaminants identified are those which are most likely to require remediation if
subsequent field sampling programs and risk assessments show their concentrations in the
environment to result in unacceptable risk and/or are not in compliance with ARARs. The
list provided here should not be construed as representing any final determination or basis for
decision-making regarding selection of final remedies.
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TABLE 2-1: POTENTIAL CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

RADIONUCLIDES

Tritium C C C

Carbon-14 C C

Calcium-41 C C

Cobalt-60 C C C

NickeI-63 C C

Seienium-79 C C

Krypton-85 C C

Strontium-90 C C C

Zirconium-93 ~ C C

Niobium-94 C C

Tachnotium-99 C S C

Palladium-107 C C

Cadmium-113 C C

Antimony-I 25 S C

lodine-129 C C C

Cesium-134 C C

Cesium-137 C S C

Samarium-151 C C

Euopium-152 C C

Europium-154 C S

Radium-226/228 C

Uranium-2351238 C C

Plutonium-238 C C C

Plutonlum-239/240 C C C

Plutonium-241 C C

Americium-241 C C
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TABLE 2-1: POTENTIAL CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

METALS

Aluminum S S

Arsenic S C C

Barium S C C

Beryllium S C C

Boron C S

Cadmium S C C

Chromium S C C

Cobalt S

Copper S S

Iron S

Lead C C C

Manganese C C C

Mercury S C

Nickel S S S

Sodium S S

Vanadium C S C

Zinc S S S

OTHER INORGANIC
COMPOUNDS/IONS

Ammonium/Ammon!, C S

Asbestos C C

Chloride S S

Chlorine C

Cyanide C C C

Fluoride C C C

Hydrochloric Acid S

Nitrate C C C

Nitifte C C

Phosphoric Acid C

Sulfate S S S

2-6

0



DOE\RL-92-11
Draft A

TABLE 2-1: POTENTIAL CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

Environmental Medium

Potential Sources Groundwater N Area
Contaminant (e.g., soils)

VOCS

Acetone C S S

Bonzone C

Chlorobanzone C

Chloroform S C C

Ethylbenzane C

Methylene Chloride S C

Methyl Isobutyl Katone C

Perchloro-ethylene C C C

Toluene S

Trans -1 ,2-Dichloroethene C

1.1.1-Tdchlor-ethane S S

Trichloroethene S C

Xylenes C

OTHER ORGANICS

Acetic Acid C C

Bis 42-othylhexyl) phthalate C

Ethylenedlamine C C

Ethylenedlanine tetracetic moid S S
(EDTA)

Famnic Acid C C

Hydrazine C C C

PCBs C C C

Petroleum Products/Diesel oil C C

Tetraethylpyro-phosphate S

Tetrahydrofuran S

Thiourea C C C

Note: Refer to Appendix A for detection limits, background concentrations, and contaminant concentrations.
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3.0 POTENTIAL APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS

Section 121(d) of the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980, as amended, requires that remedial actions at National
Priorities List sites comply with federal and state environmental laws and regulations.
This requirement is reiterated in Subpart E of the National Oil and Hazardous
Substances Pollution Contingency Plan (40 CFR Part 300), which establishes when and
by whom the applicable or relevant and appropriate requirements (ARARs) must be
identified.

Potential ARARs are those substantive, promulgated federal and state
environmental requirements that are pertinent to a remedial action. ARARs may
specifically address a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance at the site; or they may be otherwise relevant and
appropriate by addressing problems or situations sufficiently similar to those encountered
at the site. State requirements must be more stringent than federal requirements to be
considered ARARs.

In addition to ARARs, to-be-considered information (TBC) is also important to
remedial planning, and TBCs are included in the evaluation of ARARs. TBCs are
nonpromulgated criteria, advisories, guidance, and proposed standards that are not
legally binding but may provide useful information or recommended procedures. TBCs
may be used in the absence of ARARs or where ARARs are not sufficiently protective
for developing cleanup goals. TBCs identified for the 100 Area include U.S. Department
of Energy (DOE) Orders and county requirements.

The EPA may waive ARARs and instead concur with a selected remedial
alternative that does not attain a level or standard of control at least equivalent to a
legally applicable or relevant and appropriate standard, requirement criteria, or
limitation. Section 121 of Superfund Amendment Reauthorization Act identifies six
circumstances under which ARARs may be waived:

" The action selected is only part of a total remedial action that will attain such
level or standard of control when completed.

* Compliance with such requirement at that facility will result in greater risk to
human health and the environment than alternative options.

" Compliance is technically impracticable from an engineering perspective.

" The action selected will result in a standard of performance that is equivalent
to an applicable requirement through the use of another method or approach.
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* A state requirement has not been equitably applied in similar circumstances on
other remedial actions within the state.

* A fund-financed remedial action does not provide a balance between available
Superfund monies and the need for protection of the public health and
environment at the sites where the need is more immediate.

This 100 Area Phase I/I feasibility study evaluates the known characteristics of
the Hanford 100 Area and identifies the range of remedial alternatives that are most
appropriate for protection of human health and the environment for the entire area.
Consequently, the ARARs and TBCs identified in the tables in Appendix B encompass a
broad range of potentially pertinent requirements. It is anticipated that the range of
alternatives identified in Section 5.0 of this report will be subjected to detailed analysis
in subsequent focused feasibility studies, at which time these ARARs can be culled to
provide requirements that are specific to each operable unit.

3.1 IDENTIFICATION OF ARARS AND TBCS

Potential ARARs and TBCs for the 100 Area are presented in Appendix B.
These tables are first divided by the three categories of ARARs: chemical-, action-,
location-specific. These three categories of ARARs are defined in the U.S.
Environmental Protection Agency document titled CERCLA Compliance with Other Laws
Manual (EPA, 1988c) as follows:

Chemical-specific ARARs are usually health- or risk-based numerical values or
methodologies which, when applied to site-specific conditions, result in the establishment
of numerical values. These values establish the acceptable amount or concentration of a
chemical that may be found in, or discharged to, the ambient environment.

Action-specific ARARs are usually technology- or activity-based requirements or
limitations on actions taken with respect to hazardous wastes. These requirements are
triggered by the particular remedial activities that are selected to accomplish a remedy.

Location-specific ARARs are restrictions placed on the concentration of
hazardous substances or the conduct of activities solely because they are in specific
locations.

The ARARs tables are divided as follows:

* Tables 1A through IC - Chemical-specific ARARs and TBCs
- Table 1A - Federal ARARs
- Table lB - State ARARs
- Table IC - TBCs (federal, state, and local)
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" Tables 2A and 2B - Chemical-specific water quality requirements
- Table 2A - Radionuclides
- Table 2B - Nonradionuclides

" Tables 3A through 3C - Action-specific ARARs and TBCs
- Table 3A - Federal ARARs
- Table 3B - State ARARs
- Table 3C - TBCs (federal, state, and local)

" Tables 4A through 4C - Location-specific ARARs and TBCs
- Table 4A - Federal ARARs
- Table 4B - State ARARs
- Table 4C - TBCs (federal, state, and local).

The state hazardous waste management regulations promulgated under the
Hazardous Waste Management Act closely mirror the federal regulations promulgated
pursuant to RCRA. The State of Washington has been authorized to administer the
federal RCRA program. Consequently, the majority of hazardous waste management
regulations are provided as federal regulations in Tables 1A, 3A, and 4A. Where state
regulations are equivalent to the RCRA regulations, the state citation is shown in
brackets below RCRA citations. Where state hazardous waste management regulations
are more stringent than RCRA regulations, the requirements are provided in Tables 1B
and 3B as state ARARs.

3.1.1 Potential Chemical-Specific Requirements

Potential chemical-specific ARARs and TBCs were taken from various federal,
state, and local laws and regulations and applied to the list of contaminants of concern
presented in Section 2.0 of this report. The list of potential chemical-specific ARARs
are:

" Maximum contaminant levels (MCL) established pursuant to the federal Safe
Drinking Water Act

" Water quality criteria established under the federal Clean Water Act

" Groundwater limitations from the State of Washington Ground Water Quality
Standards

" Control, cleanup, and management standards of the Uranium Mill Tailings
Radiation Control Act (UMTRA)

" Soil and groundwater limits of the state Model Toxics Control Act (MTCA)
Regulations
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* Radiation Protection Standards of the NRC

" Air emission standards under the federal Clean Air Act (CAA)

* Toxic Substance Control Act (TSCA)

" Resource Conservation and Recovery Act (RCRA).

Chemical-specific TBCs (Table 1C) include:

" DOE Order 5400.5 (Radiation Protection of the Public and the Environment)
" County air pollution control regulations
" Proposed MTCA regulations.

Normally, secondary drinking water standards and maximum contaminant level
goals (MCLG) promulgated under the federal Safe Drinking Water Act are not
considered ARARs. However, the state MTCA regulations require secondary drinking
water standards and MCLGs for noncarcinogens be incorporated as cleanup standards.
These requirements are treated in Table 1B as state chemical-specific ARARs and are
also tabulated on Table 2B (Criteria and Limits for Nonradionuclides).

3.1.2 Potential Action-Specific Requirements

Potential action-specific ARARs and TBCs constitute a large portion of the
identified requirements, due in part to the broad spectrum of remedial alternatives under
consideration for the 100 Area in the Phase I/II FS. At this point in the remedial
planning process, remedial alternatives have been identified that are applicable to the
100 Area as a whole. Further, the broad range of contaminants of concern for the 100
Area (Section 2.0) make it necessary to consider multiple remedial technologies.
Consequently, numerous action-specific ARARs are potentially applicable at this point
but may be culled out later as more focused feasibility studies are performed for IRM
and OU remedy selection.

The potential action-specific ARARs found in Table 3A include federal
requirements under the:

" CAA
" RCRA
" Clean Water Act
" Other federal statutes.

Potential State of Washington action-specific ARARs are provided in Table 3B
and include state requirements under:

" The Hazardous Waste Management Act
" The Water Pollution Control Act
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" MTCA
" State air pollution regulations
" Other requirements promulgated under state law.

Potential action-specific TBCs provided in Table 3C include:

* DOE Orders
" County regulations.

3.1.3 Potential Location-Specific Requirements

Potential location-specific ARARs provided in Table 4A include the provisions of:

" The federal Clean Water Act
" The federal Endangered Species Act
" RCRA
" Other federal statutes.

The list of potential state location-specific ARARs is minimal and includes
regulations under:

" The Shoreline Management Act
" The Bald Eagle Protection Rules
" Requirements for protecting endangered, threatened, or sensitive wildlife

species.

Potential location-specific TBCs provided in Table 4C include:

" Floodplains/wetlands environmental review
" Executive orders.
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4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND
PROCESS OPTIONS

4.1 INTRODUCTION

This section discusses the development and screening of technologies and process
options used to assemble the remedial action alternatives. The process used to develop and
screen alternatives is described in Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA (EPA 1988a). The steps include:

0 Developing contaminant-specific and medium-specific remedial action objectives
(RAOs)

* Developing medium-specific general response actions (GRAs)

* Identifying volumes or areas of media to which the general response actions might
be applied

N Identifying and screening the technologies applicable to each general response
action

* Identifying and evaluating process options for selected technology types retained for
consideration

* Assembling selected technologies into alternatives incorporating a range of
treatment and containment combinations.

RAOs are the more general description of the objectives the remedial action will
accomplish. Remediation goals are a subset of remedial action objectives and consist of
medium-specific or operable unit-specific chemical concentrations that are protective of
human health and the environment and serve as goals for the remedial action (55 FR 8666
et seq.). For the 100 Area, preliminary RAOs were considered for two land use options (1)
general or residential use; and (2) industrial use. The general use option requires restoration
of the site such that people living on the land would not be subjected to unacceptable risk,
while the industrial use option requires site remediation to such a degree that those employed
in the area would not be adversely affected by site contamination. However, since land use
has not been determined for the 100 Area, development of RAOs focused on the general or
residential use option. This is conservative, since this option is the most restrictive land use
scenario, in accordance with the National Contingency Plan (NCP). Consideration of
general/residential use covers all less restrictive options (e.g., industrial and recreational). In
addition, the objective of the remedial action is to prevent receptor exposure, and the means
of achieving this objective is through the general response actions (GRAs). Consequently,
RAOs for different land use options are essentially the same, although the GRAs employed
may be different.
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GRAs are those actions that, either singly or in combination, will satisfy the remedial
action objectives. GRAs are medium-specific and may include institutional controls,
containment, treatment, and/or disposal. GRAs are similar among all the media of interest
in the 100 Area and thus, a single set has been specified as applicable to all media.

The identification and screening of technologies consider the universe of technology
types that are potentially applicable to the identified GRAs. Technologies include general
categories such as chemical treatment, thermal treatment, stabilization/solidification, or
capping. Within each technology category are process options. Examples of process options
within the chemical treatment technology category include precipitation, ion exchange, and
oxidation/reduction.

Technology process options are initially screened in the Phase I FS to eliminate those
that are not technically implementable for the site conditions or contaminants encountered in
the 100 Area. A second screening step then focuses on effectiveness and cost but also
considers broader issues of implementability, such as administrative aspects. Effectiveness
screening includes aspects such as ability to handle the estimated volumes of material,
reliability, accomplishment of remediation goals, potential short-term and long-term impacts
to human health and the environment during implementation, and reduction of contaminant
toxicity, mobility, and volume. At this stage of screening, only qualitative assessments of,
cost are made, i.e., options are ranked relative to each other with respect to cost as being
low, moderate, or high. Completion of this step concludes the Phase I FS.

In the Phase II FS, the list of technologies and process options which passed the Phase I
screening steps is used to assemble alternatives representing the range of GRAs. The
objectives of the alternatives development step is to limit the number of alternatives that must
undergo detailed analysis while still preserving the range of GRAs and technologies to be
considered. The methodology and results of the Phase II alternatives development and
screening process are given in Section 5.0.

The following sections provide more in-depth discussion of the process for identifying
and screening technologies and process options.

4.2 REMEDIAL ACTION OBJECTIVES

RAOs are critical to evaluating the ability of a specific remedial alternative to achieve
an acceptable risk level. RAOs provide the basis for developing GRAs that will satisfy the
objectives of protecting human health and the environment. The RAOs are defined as
specifically as possible, without limiting the range of GRAs that can be applied.

RAOs must address the contaminants of concern, the media of interest, potential
exposure pathway(s) and receptor(s), and acceptable contamination levels (or range of levels)
for each pathway. RAOs must identify preliminary remedial goals that permit development
of a range of treatment and containment alternatives. RAOs specified for protecting human
receptors express both a contaminant level and an exposure route because protection can be
achieved by reducing exposure (e.g., capping or providing alternate water supplies) in
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addition to reducing contamination. RAOs specified for protecting the environment are
expressed in terms of the medium of interest and target cleanup levels, since the intent of the
remedial action is to preserve or restore the resource (medium) of interest (EPA 1988).

Final RAOs are determined on the basis of the results of a baseline risk assessment.
Since the baseline risk assessment has not yet been performed for the 100 Area, these RAOs
are to be considered preliminary until the risk assessment information is available. The
preliminary RAOs developed here are based on state and federal standards, toxicity factors of
the contaminants of concern, and criteria developed in Hanford Past Practice Site Cleanup
and Restoration Conceptual Study (WHC 1991c).

4.2.1 Affected Media

The media of interest for the RAOs includes soils, groundwater, riverbank sediments,
solid waste (including buried solid waste and solid wastes generated during site remediation
activities). The 100-N Area is distinguished as a medium for purposes of the FS, in
accordance with the TPA 1991 Change Package (Ecology et al. 1991). However, it is
recognized that all media specified above are also present in the 100-N Area. Although
specific contaminants and/or concentrations may differ for the 100-N Area relative to the
other areas due to the nature and time frame of operations conducted at 100-N, the
contaminated media of the 100-N Area are similar to those of all other 100 Area sites;
therefore, remedial alternatives development will only consider the general media of soil and
riverbank sediments, solid waste, and groundwater.

4.2.1.1 Contaminants of Concern

Potential contaminants of concern for the 100 Area have been identified and are listed
in Section 2.0, Table 2-1. These are specified separately for groundwater, source areas other
than 100-N (e.g., soils, riverbank sediments, and solid waste), and the 100-N Area
(including sources and groundwater). Suspect contaminants of concern are also listed.
Suspect contaminants are those resulting from substances potentially released which were
either: (1) detected in quantifiable amounts below natural background or regulatory limits, or
(2) were detected in significant concentrations but are not of toxicological significance.

4.2.1.2 Exposure Pathways and Receptors

Consideration of exposure pathways and receptors is necessary for developing RAOs.
The pathways and receptors are typically identified in the baseline risk assessment. Since a
baseline risk assessment has not yet been performed for the 100 Area, assumptions must be
made concerning exposure pathways and receptors. Exposure pathways and potential
receptors for contamination from the media of interest are presented in Table 4-1.

Exposure pathways are the courses a contaminant can take in migrating from the source
to the receptor. Receptors include both human and environmental receptors which have the
potential for exposure to released contaminants. A complete exposure pathway must have the
following elements:
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* Contaminant Source
* Release Mechanism
* Transport Mechanism
* Exposure Route
* Receptor.

The sources of contaminants in the 100 Area consist of reactor cooling water effluent
treatment, transfer, and disposal systems; sanitary sewage treatment, transfer, and disposal
systems; solid waste burial grounds (including decommissioned facility sites); irradiated fuel
handling areas; miscellaneous unplanned release areas; chemical storage areas; maintenance
and decontamination areas; and laboratory/experimental areas.

The primary release mechanisms in the 100 Area consist of intentional and unintentional
infiltration of wastes into soils and the Columbia River. The most significant contributions
are the result of reactor coolant effluents, fuel fabrication wastes (183-H), and sanitary
sewage wastes. Secondary release mechanisms include contaminant infiltration into
groundwater and fugitive emissions from contaminated soils.

Transport media are primarily groundwater, the Columbia River, and wind (air
currents). Groundwater carries dissolved contaminants from source areas. The predominant
direction of groundwater flow beneath the 100 Area is toward the Columbia River, which
also serves as a transport medium. Wind can create airborne contamination, as well as
transport contaminants in the form of fugitive dust emissions.

The Hanford Baseline Risk Assessment Methodology (DOE-RL 1991c) identifies four
routes through which a human receptor may be exposed to contamination through the various
media identified for the Hanford Site:

* Dermal exposure
* Inhalation
* Ingestion
* External radionuclide exposure.

The following primary exposure pathways contribute significantly to the overall risks to
receptors:

* Direct ingestion of soil
* Inhalation of fugitive dust
* Ingestion of surface water or groundwater
* Dermal exposure to soil contaminants
* External exposure to radionuclides present in the soil
* Biota pathways (for recreational, residential, and agricultural scenarios).

Secondary exposure pathways contribute less to the overall risks to receptors and may
include:
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* Inhalation of volatile organic compounds from surface water or groundwater
* Dermal exposure to contaminated sediments
* Dermal exposure to contaminated water.

As stated in the Hanford Site Baseline Risk Assessment Methodology (DOE-RL 1991c),
exposure pathways not recommended for quantitative evaluation include the ingestion of
contaminated particles or volatiles secondary to inhalation, and dermal exposure to airborne
contaminants. Ingestion of contaminants is adequately evaluated by the soil ingestion
pathway.

Exposure pathways for radionuclides can be ranked by considering the type of radiation
(i.e., alpha, beta, gamma) (DOE/RL 1991c). Ingestion or inhalation of radionuclides are
considered primary exposure pathways due to the risk of cancer associated with exposure to
ionizing radiation. Dermal exposure to radiologically contaminated water might also be a
primary exposure pathway. However, dermal exposure to alpha and beta emitters would
probably not be considered primary exposure pathways, while dermal exposure to gamma
emitters is generally a primary exposure pathway.

Risks to environmental receptors (other than human) are also incurred when a
completed pathway exists. The elements of the pathway are the same as for human
receptors, but in assessing the risk to environmental receptors, a different method is used.
First, the contaminants of potential concern may be different for environmental receptors.
The evaluation focuses on exposure assessment and toxicity assessment, with particular
emphasis on habitats and species of potential concern. An environmental evaluation may also
take into account indirect adverse effects, such as contamination of an element of the food
chain for some predator.

The identification of exposure routes must also take into consideration contaminant
characteristics, such as:

* Persistence
* Mobility
* Tendency to bioaccumulate.

Although a contaminant may have been released and a transport mechanism may exist,
an adverse impact may or may not occur. For instance, nitrate is not always persistent in
groundwater, as it may be converted to nitrous oxide and/or nitrogen and oxygen by
denitrifying bacteria. Therefore, a release of nitrate may not necessarily cause a toxic effect
to a receptor, depending on the location and/or time period of exposure. The half-life of
radionuclides is another instance when environmental persistence should be considered when
assessing exposures.

The mobility of a contaminant will influence the probability of completing the exposure
pathway. For example, many ionic metal species are adsorbed on soil particle surfaces or
form insoluble precipitates. Therefore, the environmental mobility of metals is typically
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retarded and, depending on the location of the receptors, an exposure pathway may not exist.

The tendency for a contaminant to bioaccumulate is a similar consideration. For those
contaminants which do not tend to bioaccumulate, an exposure pathway may not exist, if, for
example, ingestion of biota is a preferred exposure mechanism.

RAOs specify requirements for interrupting the exposure pathway at some point
between the source and the receptor. This can be accomplished by eliminating one or more
of the essential elements of each exposure pathway. The most conservative measure, which
best ensures long-term safety, is to eliminate the source (e.g., remove the contamination).
However, less conservative measures can be equally effective in protecting human health and
the environment by simply removing receptors from the pathway, or by eliminating other
elements from the exposure pathway. An intermediate measure might involve isolation of
the source from transport mechanisms.

4.2.2 Point of Compliance

The point of compliance is the geographical location at which RAOs must be achieved.
For most hazardous waste sites, the point of compliance is the nearest identified receptor
location for each exposure pathway. Exposure pathways are typically identified as part of
the baseline risk assessment but have been assumed for this study as shown in Table 4-1.
The assumed point of compliance for radioactive species is the point where a member of the
public would have unrestricted access to live and conduct business, and, consequently, to be
maximally exposed. The specific point of compliance for the 100 Area wastes sites and
groundwater plumes has not been determined but will need to be determined to facilitate the
detailed evaluation and selection of remedial alternatives.

4.2.3 Remedial Action Goals

Remedial action goals are the target cleanup levels which satisfy RAOs, and as such,
are considered a subset of RAOs. These cleanup levels are driven by the results of risk
assessment evaluations and/or ARARs. In lieu of site-specific investigation and risk
assessment data, assumptions have been made to develop the RAOs and associated remedial
action goals for the purpose of this FS. While the use of assumptions instead of site-specific
data results in a greater level of uncertainty, preliminary RAOs and remedial action goals can
still be developed to a degree adequate for the Phase I/H alternatives development.
However, site-specific data and definitive risk assessments will be necessary for future
detailed analysis of alternatives.

For purposes of this Phase I/II FS, the preliminary remedial action goals are based
primarily on state and federal regulatory limits (potential ARARs) along with selected
assumptions regarding cleanup levels as developed in the Hanford Past Practice Site Cleanup
and Restoration Conceptual Study (WHC 1991c).

As stated in the preamble to the NCP (55 FR 8666 et seq.), chemical-specific ARARs
are to be used to the degree possible to determine remediation goals. Where ARARs do not
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exist for a contaminant, risk-based cleanup goals will be developed, based upon risk
assessment. Such risk assessment is beyond the scope of this Phase 1iI FS. Chemical-
specific ARARs and TBCs are presented in Tables IA, 1B, IC, and 2A, Appendix B. These
potential ARARs were used in development of the RAOs given in Table 4-2 and until risk
assessment work is completed, are assumed to form the basis for developing remedial action
goals. Note also that remedial action goals need only be developed for the potential
contaminants of concern given in Section 2.0.

Other criteria used in the development of the goals include:

" Carcinogens - doses posing cancer risk levels no greater than 1.0 x 101 to 1.0 x
10' (soils and groundwater),

" Non-Carcinogens - the potential for non-carcinogenic effects was evaluated by
comparing an exposure level (E) over a specified time period (i.e., lifetime) with a
reference dose (RfD), such that the ratio of E/RfD (hazard quotient) is less than
one.

* Radionuclides - doses or exposures not exceeding 100 mrem/year for soils, 4
mrem/year for groundwater, and doses for air emissions not to exceed 10
mrem/year for all radionuclides, with the exception of Radium-222.

Toxicity-based factors include reference doses (RfDs) and cancer slope factors (CSFs).
The RfD is an estimate of the daily exposure to the human population that is not likely to
cause an appreciable risk of a deleterious effect over a lifetime. The CSF in the risk
calculation provides an upper bound estimate of the risk. RfDs and CSFs are utilized to
compute a concentration level consistent with preservation of human health. State or federal
ARARs define MCLs for human health considerations. Where ARARs exist, they are
assumed to be adequately protective of human health and are therefore used, for FS
purposes, as cleanup levels (remedial action goals). In addition to protection of human
health (WHC 1991c) it is assumed that contaminated groundwater beneath the Hanford Site
must not cause constituent concentrations in the Columbia River to exceed chronic aquatic
toxicity levels if the present ecology of the river is to be maintained.

Exposure effects are assumed to be additive for risk assessment purposes.
Consequently, contaminant cleanup levels (based on MTCA limits derived by Method B
formulae) are divided by the number of contaminants found at a site up to four (i.e., the
target cleanup levels for a contaminant will never be less than 25% of the individual MTCA
Method B limits) (WHC 1991c), except under the following circumstances:

* Radionuclides and chemicals are not considered additive (i.e., if 2 radionuclides
and 2 chemicals are found at the same site, the target cleanup levels would be 1/2
of those presented in the tables, not 1/4).
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Target cleanup levels will not be established that are below the natural background
level for that contaminant (i.e., the contaminant will not be used in determination
of cleanup levels for other compounds).

In considering land use, Superfund exposure assessments most often classify land use as
either residential, commercial/industrial, or recreational (55 FR 8666 et seq.). EPA also
considers the ecological use of the property and as appropriate, the agricultural use. The
Hanford Baseline Risk Assessment Methodology (DOE/RL 1991c) poses four scenarios for
exposure assessment: residential, commercial/industrial, recreational, and agricultural. For
the purpose of developing cleanup goals for assessing remedial alternatives, this 100 Area FS
considers only residential (also called general use) and commercial/industrial land uses.
Cleanup goals for residential use would satisfy objectives for both recreational and
agricultural uses since risk assessment criteria are most stringent for the residential scenario.
This is consistent with the NCP principle (see 55 FR 8666 et seq.) that, while assumption of
residential land use is not a requirement of the program, the assumption may be made,
based on conservative but realistic exposures to ensure that remedies will be protective.
Where the likely future land use is unclear, risks assuming residential land use can be
compared to risks associated with other land uses, such as industrial. This is also consistent
with the MTCA cleanup regulations which provide cleanup standards for both residential and
industrial land uses.

4.3 GENERAL RESPONSE ACTIONS

The GRAs identified for the RAOs for each media address the exposure pathways and
receptors identified in Table 4-1. Application of the GRAs presented in Table 4-2 is
intended to prevent direct contact with the contamination and/or reduce or eliminate
contaminant-specific contributions of the different media for protection of human health and
the environment.

4.4 VOLUMES OR AREAS OF MEDIA OF INTEREST

The identification of areas or volumes of media affected includes a consideration of
acceptable exposure levels, potential exposure routes, site characteristics, and the nature and
extent of contamination. To arrive at a reasonable estimate of the area or volume of media
affected, certain assumptions have been made. These are listed as follows:

" The in situ volume of affected groundwater was calculated using the pore volume
of the aquifer extending from the unconfined water table down to the top of the
Middle Ringold Formation. A 20% porosity was assumed in the calculations. The
in situ volume calculations also were based on the lateral extent of the nitrate and
tritium plumes as these were considered to be highly mobile contaminants. Specific
details of the calculations are found in Appendix D.

" Riverbank sediments include all those vadose zone soils between the low and high
water elevations of the Columbia River inland to the location where the difference
between the high water and low water elevations is minimal. This varies from
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approximately 48 feet to 180 feet from the river. The riverbank sediments thus
represent vadose soils near the river which have been contaminated as a result of
fluctuation in the levels of contaminated groundwater (groundwater fluctuations
caused by fluctuations in river stage). Calculation details are given in Appendix D.

* Aerial dispersion of reactor stack emissions was uniformly distributed throughout
the 100 Area.

* The gross volume estimates for soils and solid wastes were taken directly from
Figure 7-1 of 100 Area Hanford Past Practice Site Cleanup and Restoration
Conceptual Study (WHC 1991e).

* All radioactive or radioactive mixed waste removed from contaminated solid media
is considered low-level waste. However, for purposes of this study, radioactive
waste is distinguished by levels of radioactivity as follows:

- Low activity waste is defined as non-transuranic (TRU) waste, i.e., less than 100
nCi/g total TRU, and which emits beta/gamma radiation at any point resulting in a
dose rate less than 200 mrem/hr. This is also considered "contact-handled" waste
in accordance with Westinghouse Hanford Company requirements (WHC 1988).

- High activity waste is defined as either TRU or non-TRU waste which emits
beta/gamma radiation at any point resulting in a dose rate greater than 200
mrem/hr. This is also considered "remote-handled waste" in accordance with
Westinghouse Hanford Company requirements (WHC 1988).

These definitions are consistent with those provided in the 100 Area Hanford Past
Practice Site Cleanup and Restoration Conceptual Study (WHC 199 le).

Preliminary estimates of the volumes of contaminated media are summarized in
Table 4-3.

4.5 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES AND
PROCESS OPTIONS

The objective of this section of the FS is identify and screen viable technologies and
process options which will then be developed into remedial alternatives. Technology type is
a general term referring to a group of operations with common characteristics or results.
Examples of technologies include chemical treatment, thermal treatment, stabilization/
solidification, and capping. A process option is a specific type of operation within a
technology type which has a narrow focus for its application, e.g., precipitation or chemical
oxidation are process options for the chemical treatment technology (EPA 1988a).

Technologies and process options are identified for three media: solid wastes,
groundwater, and soils/riverbank sediments. While the 100-N Area has been set apart as a
separate medium in this FS, analysis of the applicability of technologies and process options
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indicates that there are no unique features of the 100-N Area which would present
technologies or options differing from the three basic media which have been considered.
That is, even though the 100-N Area contains contaminants which may differ in their
concentration levels, the types of contaminants are essentially the same as for other areas and
thus the applicable remedial technologies are the same. It is possible that differences in site-
specific applications of screened alternatives may result when a detailed analysis is
performed, but this is beyond the scope of the current FS effort.

4.5.1 Identification and Screening of Technologies

Potentially feasible, media-specific technologies and process options are identified for
each of the GRAs by compiling information obtained from EPA documents, reference
program sources, and other relevant technical references. Specific sources of information
included:

* EPA Office of Research and Development
* EPA Superfund Innovative Technology Evaluation (SITE) program
" Feasibility studies performed for other DOE sites
* Feasibility studies performed for other government and/or commercial sites
* Remedial Action Assessment System (RAAS) database developed by PNL
* WHC engineering studies and evaluations
" Vendors of process systems for site remediation
* Standard engineering texts.

In addition to these sources, interviews and information requests were made to PNL
personnel involved in research and development of innovative technologies. Innovative
technologies were considered to the extent that they have undergone development on at least
a bench scale. The technologies and process options considered are described in Appendix
C.

Each of the technologies and process bptions underwent an initial screening for
technical implementability. This first screening step only considered, based on an assessment
of existing site data on both contaminant types/concentrations and site characteristics,
whether a technology and/or process option can be effectively implemented at the site. This
serves to reduce the initial number of possible technologies to a smaller and more workable
number of options that are applicable or appropriate for each medium. Descriptions, given
in Appendix C, that form the basis for screening were prepared to summarize the
applicability, and describe factors affecting effectiveness, implementability, and relative cost
for each of the process options.

General information regarding the site conditions, contaminant types, and concentrations
was used to support the screening process. In particular, information about the nature of the
contaminants and the subsurface conditions were utilized.
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The results of the initial technical implementability screening step are documented in
Sections 4.5.1.1 through 4.5.1.3 for each of the three media considered. A summary of the
results is presented graphically in Figures 4-1, 4-2, and 4-3.

A second screening step was performed on technologies/process options which
considered effectiveness as a primary criterion with implementability (now including
administrative implementability) and cost considered as secondary criteria. Details of this
screening step are given in Section 4.5.2.

4.5.1.1 Initial Screening for Solid Waste

All of the GRAs presented in Section 4.3 are considered applicable for this medium.
Figure 4-1 summarizes the results of the initial screening of solid waste remedial options.
The shaded blocks represent those technologies and process options which were eliminated at
this screening stage and the remaining technologies represent the pool of options to be further
evaluated for effectiveness, implementability, and relative cost in the second screening step.
The following discussion presents the results of the initial technical implementability
screening (the results are also presented graphically in Figure 4-1):

No Action. The NCP requires retaining a "no action" alternative to serve as a baseline for
evaluating remedial action measures. The NCP (55 FR 8666 et seq., and EPA 1988a)
further requires the assumption that current activities such as institutional controls, weed
control, and monitoring are not maintained; i.e., no action implies a scenario of "walking
away from the site." While such a scenario is unlikely, it does provide a worst case baseline
for evaluation.

Institutional Actions. The institutional actions considered applicable for solid waste include:

* Access restrictions - Physical barriers, such as fencing, and deed restrictions, such
as covenants restricting the future use of properties.

* Monitoring - Leachate monitoring equipment to continuously monitor contaminant
migration from the waste sources. The leachate monitoring can be used to monitor
the performance of collection or treatment systems for the groundwater or to
provide regulatory compliance monitoring. The detection of leachate or the
progressive decrease of contaminant concentration would provide a relative
indication of collection or treatment success.

Containment Actions. The waste containment actions primarily consist of physical
measures to restrict contaminant migration and/or minimize environmental impact. The
technologies evaluated included:

* Capping - All cap types are retained at this initial screening stage with the
exception of the vitrified cap. This vitrified cap was eliminated due to uncertainties
associated with installation of a seamless cap using the in situ vitrification
technology.
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* Horizontal barriers - Grout injection was retained as being a technically
implementable and potentially applicable process option. Current technologies are
potentially capable of creating a horizontal barrier below the solid wastes.
Cryogenic barriers were eliminated for the following reasons:

- The barrier requires addition of water, which increases the potential to mobilize
contaminants

- Operating costs would be very high because of the need to maintain the cryogenic
systems over a very long-term.

- The barrier may not work (may not prevent contaminant migration).

Vitrification was also eliminated as a potential horizontal barrier because the
technology has not been demonstrated for use as a containment method in the 100
Area.

* Vertical barriers - Slurry walls and grout curtains were judged to be potentially
applicable and were retained. The presence of large boulders in the soils at the
Hanford 100 Area precluded the use of sheet pilings as a viable vertical cut-off
method because of the anticipated difficulty in driving the piles; therefore, sheet
pilings were eliminated.

A vertical cryogenic wall is not applicable for the same reasons as stated above for
the cryogenic horizontal barrier; therefore, this option was screened out.

The implementability of biological barriers has not been demonstrated on the
potential scale required and also would involve significant injection of water and
nutrients, increasing the potential for contaminant mobilization; therefore,
biological barriers were eliminated.

* Run-on/run-off control - The process options of diversions/collection, grading, and
revegetation have all been retained as being potentially applicable.

Removal/Disposal Actions. The removal/disposal actions evaluated include:

* Excavation and demolition methods for removal and size reduction of waste
components

* On-site and off-site disposal comprised of engineered structures or facilities.

All of the process options in the removal and on-site/off-site disposal technologies are
considered technically implementable for the given site conditions and were thus
retained.

4-12



DOE\RL-92-11
Draft A

In Situ Treatment Actions. In situ treatment actions include stabilization/solidification
technologies as follows:

* Grout injection and vibration aided grout injection - These are process options
capable of encapsulating the waste to form a monolithic block which resists
leaching or migration of the waste contaminants to groundwater.

* Dynamic compaction - A method of reducing volume and the interstitial pore space
to limit groundwater contact with the waste. Dynamic compaction is also used to
control subsidence which is important for long-term integrity of caps or other
surface barriers.

The grout injection methods and dynamic compaction process options were retained.

* Vitrification - This process option was eliminated at this screening step because it
has not been sufficiently demonstrated for application in a heterogeneous waste
potentially containing sealed containers which are expected to exist in the 100 Area
burial grounds. Development results to date indicate that application to solid
wastes with sealed containers creates operating problems with the off-gas control
system which have not been resolved.

Removal/Treatment/Disposal Actions. Technology types evaluated in this category include:

* Removal
* Thermal treatment
* Stabilization/solidification
* Physical treatment
" Chemical treatment
" On-site and off-site disposal.

All of the process options associatd with the technologies for removal/
treatment/disposal actions are considered technically implementable at this screening stage
and have been retained (Figure 4-1).

4.5.1.2 Initial Screening for Groundwater

All of the GRAs presented in Section 4.3 are considered applicable for groundwater.
Figure 4-2 summarizes the results of the initial screening of groundwater remedial options.
The discussion of screening results is presented as follows:

No Action. A no-action alternative for groundwater is retained as a baseline for evaluation
of other remedial action measures. Refer to Section 4.5.1.1 for a discussion.

Institutional Actions. Institutional control technologies considered applicable for the
groundwater include:
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* Access restrictions - Water rights restrictions and deed restrictions such as
covenants restricting the future use of the property and access to its underlying
groundwater.

* Monitoring - Use of well systems to continuously monitor the groundwater quality
for regulatory compliance and for monitoring remediation effectiveness. Well point
monitoring was the only process option eliminated in this initial screening step.
Well points were not considered technically implementable due the coarse nature of
the 100 Area soils and the large cobbles and boulders expected in the subsurface.
Well points are normally driven into the soil formation and cobbles and boulders
would create difficulties in advancement.

* Alternate water supplies - Water supplies developed from other suitable water
sources unaffected by the contamination.

Containment Actions. Groundwater containment actions primarily consist of physical
measures to restrict groundwater (barriers prevent recharge) from contacting the waste
sources and providing a pathway for contaminant migration. Several of the technologies and
process options evaluated are similar to those shown for the solid waste medium and include:

* Horizontal barriers - The cryogenic wall was retained at the initial screening stage
because the threat for contaminant mobilization is not an issue as was the case for
solid waste. Grout injection was retained because it is an established technology
that may have suitability to the 100 Area soils. Vitrification was eliminated
because it has not been developed or tested as a containment technology.

* Vertical barriers - Slurry walls and grout curtains were retained as potentially
applicable. Cryogenic walls were retained although their implementability is
uncertain. Sheet pilings and biological barriers were eliminated from the vertical
barrier options for the same reasons given for solid waste, i.e, rocky soils restrict
penetration of the piles and large-scale injection of nutrients to support a biological
barrier was judged to pose a risk for mobilization of contaminants.

* Hydraulic control - An additional technology unique to the containment of
groundwater. Hydraulic control may involve the use of extraction wells or trenches
to impact the hydraulic gradient at the site in the most desirable configuration (i.e.,
to direct flow away from the contaminated site). Both extraction wells and trenches
were retained.

Removal/Disposal Actions. All of the removal and disposal actions considered for
groundwater are identified as being technically implementable. Technologies for
groundwater removal/disposal include:

* Groundwater Extraction Wells - Extraction wells, drains/trenches, aquifer mining
and lixiviant extraction (for inorganic contamination) were evaluated. All options
were retained.
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* Wastewater Disposal - Tank storage, pond evaporation, or reinjection into other
suitable underlying aquifers. The technologies for wastewater disposal are well
understood and were thus retained.

In Situ Treatment Actions. The following technologies were considered for in situ
treatment actions:

* Biological Treatment - Enhanced groundwater bioremediation is used to destroy
organic contaminants; biodenitirification is specific to reduction of nitrates. Both
may have application in the 100 Area and were thus retained.

" In Situ Physical Treatment - Air stripping and vapor extraction, which both
remove volatile organic compounds (VOC), were retained. Permeable treatment
beds used to remove organics, metals, and radionuclides, and electro-kinetic
separation used to remove ionic constituents, were also retained.

e In Situ Chemical Treatment - Used to form insoluble precipitates of inorganic
species (in situ chemical precipitation). This option was retained.

Removal/Treatment/Disposal Actions. Technology types included in this category are:

e Groundwater Extraction - Extraction wells, drains, and trenches, aquifer mining,
and lixiviant extraction.

* Biological Treatment - Bioreactors, biodenitrification, and biosorption.

* Physical treatment - Ion exchange, evaporation, media filtration, flocculation,
carbon adsorption, air stripping, reverse osmosis, ultrafiltration, electrodialysis,
dissolved air flotation, sedimentation, steam stripping, freeze crystallization, and
supported liquid membrane process options.

* Chemical treatment - Chemical oxidation, precipitation, tritium treatment, wet air
oxidation, and chemical reduction.

* Surface and subsurface disposal - Deep well injection, reinjection into aquifer, and
crib disposal.

Numerous process options in these technology categories are available for contaminant
removal from groundwater. All of the options were considered potentially applicable at this
stage based upon technical implementability and were thus retained. Refer to Figure 4-2 and
the discussion in Appendix C.

4.5.1.3 Initial Screening for Soils and Riverbank Sediments

All of the GRAs presented in Section 4.3 are considered applicable for this medium.
Figure 4-3 summarizes the results of the initial screening of the soils and riverbank sediments
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remedial options. Shaded boxes in Figure 4-3 represent technologies and process options
which have been eliminated at this screening stage, and the unshaded boxes represent the
potential pool of options to be evaluated for assembly into remedial alternatives. The
following discussion summarizes the technical implementability screening process for the
soils and riverbank sediments medium:

No Action. A no-action alternative, similar to that posed for solid waste and groundwater, is
retained as a baseline for evaluation of other remedial measures. Refer to Section 4.5.1.1
for additional discussion.

Institutional Actions. The institutional actions considered applicable for soils and riverbank
sediments include the use of access restrictions and monitoring. These options are the same
as presented for the solid waste medium. All process options were retained at this stage of
the screening.

Containment Actions. These actions consist primarily of physical measures to restrict
mobilization of the contaminated soils and riverbank sediments. These technologies and
process options are similar to those presented previously for solid waste and groundwater.
Containment technologies provide control of waters that may become contaminated through
contact with soils and riverbank sediments. The technologies for containment actions include
the following:

Capping - Contains the soils and riverbank sediments or surface structures; could
also be constructed to control and divert surface water flows. All types of caps are
retained at this initial screening stage with the exception of the vitrified cap. This
cap was eliminated due to uncertainties associated with installation of a seamless
cap.

. Horizontal Barriers - Grout injection was retained because it is an established
technology that may have suitability to the 100 Area site conditions. Vitrification
was eliminated because it has not been demonstrated to the depths required for
containment. Cryogenic barriers were screened out for the same reasons as
discussed under solid waste (See Section 4.5.1.1).

* Vertical Barriers - Slurry walls and grout curtains were retained as being potentially
applicable at the 100 Area. Sheet pilings were eliminated because of the
installation difficulty posed by rocky soils. Cryogenic walls were screened out for
the same reasons as discussed under solid waste (see Section 4.5.1.1). Large-scale
injection of nutrients to support a biological barrier pose a risk of potential
mobilization of contaminants, and thus, the biological barrier was eliminated.

Removal/Disposal Actions. Removal of contaminated material prevents migration of
contaminants at the site. Excavation was identified as the only process option for removal of
contaminated soils and riverbank sediments. On-site and off-site disposal options are
comprised of engineered structures or facilities and would be implementable for the given
site conditions. All these process options were retained for further consideration.
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In Situ Treatment Actions. In situ treatment actions are comprised of technologies to
stabilize and solidify, or to biologically, chemically, or physically treat the waste.

" Stabilization/solidification - accomplished by application of process options that
encapsulate loose waste to form a monolithic block. The monolithic block is not
prone to leaching and subsequent migration of contaminants from the waste. All
process options in this category were retained at this screening stage.

* Biological treatment - primarily limited to removal or destruction of the organic or
nitrate constituents, Land farming was eliminated because the depth of
effectiveness was determined to be limited; i.e., land farming is a near surface
remediation method and would not have an impact on contaminants at depth.

* Chemical treatment - soil flushing using chemically reactive reagents may be used
to remove organics and inorganic constituents. This option was retained as
implementable.

* Physical treatment - processes to withdraw or drive the contaminant from the
matrix. The process options include: vapor extraction, steam stripping, physical
soil flushing (non-reactive reagents), RF heating, and electrical soil heating. All
were retained at this stage.

Removal/Treatment/Disposal Actions. Several types of technologies and process options are
represented in this GRA and are similar to those given for the solid waste medium. These
technologies include removal, thermal treatment, stabilization/solidification, physical
treatment, chemical treatment, biological treatment, and on-site and off-site disposal. The
process options representing these technologies are listed in Figure 4-3 and are described in
Appendix C. All of the process options were retained in this screening step.

4.5.2 Evaluation of Technologies and Selection of Representative Technologies

This section documents the further evaluation and screening of the process options that
were retained in the initial screening step (Section 4.5.1). Only those options remaining after
the initial screening continue through the process for a more thorough review based on
effectiveness, implementability, and relative cost. This second screening evaluation leads to
the selection of representative process options for each type of technology to be assembled
into a group of remedial alternatives for the 100 Area. The results of the second screening
are summarized in Figures 4-4 through 4-6 and are discussed below.

In the selection of representative technologies, CERCLA guidance (EPA 1988a, Section
4.2.5) suggests that only one process option be selected to represent a technology type. This
simplifies the subsequent development and evaluation of alternatives without limiting
flexibility during remedial design. That is, while the representative process provides a basis
for developing performance specifications during preliminary design, the specific process
actually used to implement the remedial action may not be selected until the remedial design
phase. In some cases, more than one process option may be selected for a technology type,
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if two or more processes are sufficiently different in their performance that one would not
adequately represent the other. The criteria used to evaluate technologies in the second
screening step are described as follows:

Effectiveness Evaluation. This evaluation focuses on the potential effectiveness of
each process option in remediating the volume of waste media and in meeting the RAOs
with regard to protection of human health and the environment. Specific information
considered includes types of contamination and concentration, volume of contaminated
media, and rates of collection/removal of liquids or solids. Each process option was
classified as being either highly effective, moderately effective, limited, or not
effective.

Implementability Evaluation. During this screening step, implementability was not
weighted as heavily as the effectiveness of the process option in accordance with
CERCLA guidance (EPA, 1988a). The initial screening, described in Section 4.5.1,
considered technical implementability more on a pass-fail basis, whereas this second
screening rates the relative degree of technical implementability. In addition, in this
second screening, implementability also includes the institutional feasibility (e.g.,
regulatory acceptability, public perception) of implementing the technology or option.
These aspects may include necessary permits or issues such as capacities of treatment,
storage, and disposal facilities. The implementability of options were classified as easy,
moderate, difficult, or not implementable.

Cost Evaluation. In accordance with CERCLA guidance, cost plays a limited role at
this screening stage. The cost analysis is made on the basis of engineering judgement
and each process is evaluated in relation to other process options of the same
technology type. Both capital costs and operating costs are considered. The cost of
options were classified as very high, high, medium, or low in relation to other process
options in the same technology grouping for each medium of concern.

4.5.2.1 Evaluation of Process Options for Solid Waste

Solid waste remedial options were evaluated based on the criteria defined above.
Figure 4-4 summarizes the results of the second screening step. A more detailed discussion
of how each options meets the criteria is given in Appendix C. Results of the second
screening step are discussed below.

No Action Response for Solid Waste:

No Action. This option may be useful for some sites provided that risk assessment
indicates acceptability of leaving solid wastes in-place with no additional remediation or
monitoring. However, for broad application, administrative implementability is
questionable because of likely resistance to this solution by the public and the regulatory
agencies. The effectiveness of a no action response may not satisfy the RAOs if
contamination is left in-place. The alternative is not eliminated at this stage because
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this option is required by the NCP as a baseline and because it may be an appropriate
response for some sites.

Institutional Controls Response for Solid Waste:

Access Restriction Options. Both fencing and deed restrictions were retained at this
screening stage. Their effectiveness, particularly in environmental protection is limited
but they are easily implementable at low cost.

Monitoring Options. Leachate monitoring was eliminated as a potential option because
current solid waste burial grounds cannot be monitored for leachate without construction
of a leachate collection system beneath the contaminated sites. Implementation of
leachate collection systems necessitates some technique to concentrate or sample the
leachate that may be migrating below a waste source. The leachate collection system
requires either a natural clay barrier or a constructed barrier. Placement of such a
barrier beneath a disposal site is not considered practical without waste removal.
Therefore, this option is screened out.

Containment Response for Solid Waste:

Capping Options. Capping involves the installation of a barrier over the surface of the
contaminated area to control erosion and to prevent the generation of leachate caused by
surface water infiltration. The asphalt, concrete, and soil/clay capping options were
eliminated at this stage based on the need for extensive long-term maintenance to ensure
the integrity of the cap. Without such maintenance, the effectiveness of these caps
would be reduced considerably in a relatively short time due to surface degradation.

The synthetic cover was also eliminated. The expected design life of this option is
uncertain and was judged as having limited effectiveness at best and medium to very
high costs.

0'
The two options retained were the RCRA multi-media cap and the Hanford Barrier.
These options were selected as representative process options for the solid waste
medium. The Hanford Barrier is a special design of the RCRA multi-media cap option.
The Hanford Barrier is particularly well suited to the 100 Area site conditions and is
specifically designed for isolation of radioactive wastes or mixed wastes for up to
10,000 years. These two retained options incorporate similar features and include the
best characteristics of several capping designs. The Hanford Barrier would be
constructed of natural materials which should 1) eliminate the need for long-term
maintenance (provided that measures are taken to control subsidence), 2) resist erosion,
and 3) provide features adaptable to a range of site conditions. The RCRA multi-media
cap is considered applicable for hazardous only wastes or other applications, such as
very small sites, where the RCRA cap would be technically adequate and/or more
economical.
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Horizontal Barrier Option. Grout injection as a horizontal barrier was eliminated
because of its limited effectiveness and difficult implementability. It has not been
demonstrated in a field application at the Hanford Site. The emplaced lateral continuity
of the barrier is uncertain and was the major factor in eliminating this process option.
The horizontal barrier technology type was thus completely eliminated as a result of the
two screening steps.

Vertical Barrier Options. The grout curtain was determined to be ineffective as a
vertical barrier due to the expected uncontrollable nature of emplacing grout in the
coarse Hanford soils. The soils would require viscous grout mixtures and a close
pattern of injection boreholes to achieve adequate overlap of the grout columns.

The slurry wall was the only option retained for vertical barriers. Better control of
construction is provided over grout curtains because slurry walls are continuously
excavated and emplaced structures. The barrier is considered to be moderately
effective, but for the distances and depths required at the 100 Area, the implementation
would be difficult and highly costly. Slurry walls, however, were retained as a
representative technology for further development of alternatives.

Run-On/Run-Off Control. The three process options for run-on/run-off control
include diversion/collection, grading, and revegetation. At some point in the remedial
process, each of these process options may be used to control surface water flow at the
site. These process options may be employed to prevent flooding, control erosion, or
direct surface runoff. All of the options were retained for development of alternatives.
A representative process option was not chosen since each of the options differs
significantly from the others in its application and performance.

Removal/Disposal Response for Solid Waste:

Removal Options. The process options of excavation and demolition of larger
structural components were retained as being highly effective, moderately
implementable, and relatively low cost. Both options are representative of the removal
technology and both would be needed to handle the range of waste forms.

On-Site Disposal Options. On-site disposal in a tumulus was judged to have limited
effectiveness relative to other options and was eliminated. A tumulus is an above grade
structure that is considered to be more susceptible to surface degradation and also to
have higher maintenance requirements relative to options where waste is buried below
grade. The remaining process options--trenches/pits for low activity mixed waste,
vaults for high activity waste, and RCRA landfills for hazardous-only wastes--are
representative of the technology and are considered to be more effective as solid waste
disposal options.

Off-Site Disposal Options. Off-site disposal in a geologic repository was determined
to be highly effective but not implementable in a time frame necessary to meet the
RAOs because a repository is currently not available and one is not likely to be
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available in the foreseeable future. The RCRA landfill and DOE facilities options were
retained as being representative of the technology type required for the disposal of the
variety of wastes to be encountered, i.e, a RCRA landfill could handle hazardous
wastes and mixed and/or radioactive only wastes would have to be disposed at a DOE
facility.

In Situ Treatment Response for Solid Waste:

Stabilization/Solidification Options. Grout injection was eliminated as an in situ
stabilization/solidification process option for the same reasons discussed under
horizontal barrier options. The high porosity of site soils could allow the grout to flow
freely around the site and reduce the possibility for an effective solidified matrix in the
solid waste areas. Vibration aided grout injection was retained because the function of
vibration applied during grout injection was assumed to provide better control of grout
migration to the desired locations. Vibration aided grout injection was classified as
moderately effective and is the only technology option retained as representative of in
situ stabilization treatment.

Dynamic compaction was retained as process option of limited effectiveness. The
process would reduce the interstitial pore space and thereby reduce the potential for
contamination migration through groundwater transport or leachate development from
surface water infiltration in the short-term. However, its greatest benefit is in
controlling subsidence, an important aspect to the effectiveness of surface barriers.

Removal/Treatment/Disposal Resnonse for Solid Waste:

Removal Options. Refer to discussion above for Removal/Disposal GRA for solid
waste. Both excavation and demolition were retained.

Thermal Treatment. The thermal treatment technology options retained include
thermal desorption, incineration, and pyrolysis. These options were judged to be highly
effective. The options eliminated included metal melting and molten solids processing.
These options were screened out for the following reasons:

" A highly segregated waste stream would be needed (e.g., metal melting would
require sorting into metal types such as lead, aluminum, and iron/steels)

" Cost associated with segregation activities would be very high.

" Using the processes for decontamination purposes is uncertain.

* The option is not considered to offer significant advantages over other process
options (e.g., incineration followed by solidification).

Stabilization/Solidification. The stabilization technologies are intended to create a
solid monolith of waste with low permeability and reduced leaching potential. All four
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process options were retained. Cement is the most commonly used material although
difficulties associated with formulation are typical. Bitumen is a thermodynamically
stable material and highly resistant to moisture penetration; however, it is not as widely
used as cement. Polymers are innovative materials which are most suitable for high
waste loading applications. Vitrification provides the most robust waste form (glass),
although the process is complex.

Physical Treatment. Segregation/sorting was judged to be technically difficult to
implement to achieve a high degree of separation of solid waste by type of waste and/or
waste form. This degree of sorting could probably only be accomplished with a slow
item-by-item manual sorting, which would be very costly and could pose unnecessary
risk to workers unless done remotely. Some limited waste segregation could be
achieved, such as separating out intact drums, compressed gas cylinders or other special
hazard materials which would not be expected in significant volumes.
Segregation/sorting as a general process option was eliminated. Metal decontamination
(as metal melting) also requires a highly segregated waste stream and was eliminated.

The options retained included size reduction and repackaging. Some limited size
reduction may be accomplished with the compactible or loose materials in the solid
waste. Repackaging of damaged, deteriorated, or inappropriate containers may be
incorporated.

Chemical Treatment. Chemical oxidation and acid digestion process options were
judged as having limited effectiveness, difficult implementability, and very high costs.
These limitations did not warrant any further consideration of these process options.

Hydrolysis was identified as having limited effectiveness (it is effective for reactive
metals only), difficult implementability, and high cost. However, it was retained as a
potentially useful approach to remediate reactive metals should they be encountered
during excavation and removal operations.

On-Site Disposal Option. The trenches/pits, vaults, and RCRA landfills are the same
process options as proposed for on-site disposal in the removal/disposal general
response action. All were retained.

Off-Site Disposal Option. Off-site disposal options for the removal/treatment/ disposal
GRA are the same as discussed previously for the removal/disposal GRA. The RCRA
landfill and the DOE disposal facilities were retained for use in developing alternatives.

4.5.2.2 Evaluation of Process Options for Groundwater

The results of the second screening step for groundwater technologies/process options
are summarized in Figure 4-5. Treatment options are well known for most of the
contaminants of concern in the 100 Area; however, no technology exists that could
economically remediate tritium contamination. Natural attenuation appears to be the most
viable alternative for the treatment of tritium.
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No Action Response for Groundwater:

No Action. This option for groundwater is retained to serve as the baseline for
comparative evaluations of active remedial response actions. The viability of a no
action response is highly dependent upon the results of future baseline risk assessments
and cost/benefit studies.

Institutional Controls Response for Groundwater:

Access Restriction Options. The analysis of this option assumed that both water rights
restrictions and deed restriction options could be maintained in the short-term and
possibly in the long-term. Both process options were retained for alternatives
development.

Monitoring Options. Groundwater monitoring is the only process option remaining
from the first screening step. Monitoring is considered a highly effective method for
detecting migration of contaminants. Monitoring will likely be required as part of the
remediation and post-closure activities and thus was retained for development of
alternatives.

Alternate Water Supply Options. The alternate water supply options consist of
Columbia River water and development of nearby sources such as wells in unaffected
areas. It was assumed that the necessary water rights could be obtained to make this a
viable option. Both process options were retained for alternatives development.

Containment Resnonse for Groundwater:

Horizontal Barrier Options. The two remaining horizontal barrier options were
judged to be ineffective due to the existing natural aquitard in the area. There is an
upward hydraulic gradient from the underlying aquifer, preventing a contaminant plume
from migrating downward into the unaffected groundwater. The natural hydraulic
conditions tend to bring clean water into the contaminated zones. No better control
could be achieved with an additional barrier installation. The horizontal barrier
technology was eliminated at this stage of screening.

Vertical Barrier Options. The three vertical barrier options remaining include slurry
walls, cryogenic walls, and grout curtains. Slurry walls are highly effective in
controlling the lateral migration of contamination in a geologic medium. Slurry walls
would be very expensive to install in the 100 Area because of the depth required to
reach the natural aquitard; however, slurry walls were retained.

Cryogenic walls could have the same effect on limiting lateral contaminant migration
but at very high cost due to the expenditure of energy to maintain cryogenic
temperatures over the long-term, (perhaps hundreds or thousands of years). It is also
considered to be highly uncertain whether the effectiveness could be maintained in the
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long-term. For this reason, cryogenic walls were eliminated in favor of slurry walls
which would not require long-term maintenance.

Grout curtains were eliminated as a process option based on the limited control of grout
emplacement and the need for a very close pattern of injection boreholes.

Hydraulic Control Options. Extraction wells and extraction drains/trenches are two
process options that can be utilized to provide the hydraulic control of the groundwater
medium (in conjunction with injection wells). Extraction wells and trenches are highly
effective in controlling the lateral diffusion and flow of a contaminated groundwater
plume by controlling flow around or away from a site. Injection wells may be
incorporated to modify the hydraulic gradient around a contaminated site and contain
the plume for withdrawal and treatment. Both options have been retained for
alternatives development.

Removal/Disposal Response for Groundwater:

Groundwater Extraction Options. Aquifer mining was eliminated because
implementability would be very difficult and the cost would be extremely high. The
quantities of sediments removed would be massive. Aquifer mining, while theoretically

possible, is unprecedented on this scale. Lixiviant extraction was eliminated because of
its unknown effectiveness (workable lixiviants for many Hanford contaminants have not
yet been developed), potential uncontrollable mobilization of contaminants, and
difficulty in recovering solutions. The retained process options for alternatives
development in this category include extraction wells and extraction drains/trenches.

Wastewater Disposal Options. Deep-well injection into the aquifer was retained
although implementability is difficult due to permitting restrictions. Above/below-

ground storage tanks were eliminated because the very large of volumes of water would
make this option impractical due to prohibitive costs. Evaporation ponds were
eliminated because of the potential for release of contaminants such as tritium into the
atmosphere and because of the potential exposure to biota.

In Situ Treatment Response for Groundwater:

Biological Treatment Options. Enhanced groundwater bioremediation and
biodenitrification process options were judged to be moderately and highly effective,
respectively. Both options were retained for further development of alternatives
although their applications are limited to organic contaminants and nitrates.

Physical Treatment Options. Four physical treatment process options include
permeable treatment beds, electro-kinetic separation, air stripping, and vapor extraction.
The permeable treatment bed process option would require periodic replacement of the
treatment bed and excessively large quantities of the treatment bed material; the option
was thus eliminated on the basis of limited effectiveness, difficult implementability, and
high cost.
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Electro-kinetic separation was judged to have limited effectiveness and an uncertain
implementability (technology has not been demonstrated) and was eliminated.

Air stripping and vapor extraction were both retained as suitable, specifically for
removing volatile organic compounds from groundwater. Vapor extraction is
commonly used for soil remediation, but both process options have also been shown to
remediate groundwater effectively.

Chemical Treatment Options. A single innovative in situ chemical treatment option
was evaluated for treatment of heavy metal and radionuclide contamination of
groundwater. Injection of chemical reagents into the groundwater to reduce hexavalent
chromium and/or precipitate other heavy metals and radionuclides may potentially offer
significant technical and cost advantages relative to ex situ treatment options. This
technology needs considerable development to prove it viable for in situ application
and, therefore, its implementability and effectiveness are highly uncertain at this time.
For these reasons, the option is eliminated at this screening stage. See Section 5.3.5.4
for additional discussion of this innovative technology.

Removal/Treatment/Disposal Response for Groundwater:

Groundwater Extraction Options. For the same reasons as given in the
removal/disposal response, aquifer mining and lixiviant extraction were eliminated.
Extraction wells and extraction drains/trenches were retained for alternatives
development.

Biological Treatment Options. Biosorption was eliminated as an option due to
uncertain effectiveness (technology has not been demonstrated). Bioreactors and
biodenitrification were retained as options for selected contaminants due to
demonstrated effectiveness in similar applications.

Physical Treatment Options. Numerous physical treatment options were evaluated in
this screening step. The retained options include: ion exchange, media filtration,
flocculation, carbon adsorption, air stripping, reverse osmosis, ultrafiltration, steam
stripping, and forced evaporation. All process options in this group are proven and
widely used in the remediation of both organic and inorganic contaminants. These
options are effective and provide a wide range of treatment choices for all the
contaminants of concern except tritium.

Those options eliminated because they are ineffective or of limited/uncertain
effectiveness include passive evaporation, electrodialysis, dissolved air flotation,
sedimentation, freeze crystallization, and supported liquid membrane separation.

Chemical Treatment Options. Tritium separation, while theoretically possible, is not
practical for groundwater remediation treatment, would be extremely costly, and was
therefore eliminated.
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Wet air oxidation would not be effective because the level of contaminants is too dilute.
The chemical treatment options retained include chemical oxidation, precipitation, and
chemical reduction.

Surface Disposal Options. Surface discharge and Columbia River discharge were
eliminated because of tritium contamination, which is not removed from the
groundwater. Tritium contaminated water discharge to surface water is not a viable
disposal consideration. Storage tanks are not practical for storage of very large
volumes over a long period of time and were eliminated as a process option.

Subsurface Disposal Options. Crib disposal was retained as a process option due to
its high effectiveness and ease of implementation at a low cost. Deep-well injection and
reinjection into the aquifer were also retained but are considered more difficult and
expensive to implement than the other process options.

4.5.2.3 Evaluation of Process Options for Soil and Riverbank Sediments

The results of the second screening evaluation for this medium are summarized in
Figure 4-6. The evaluations performed for soil and riverbank sediments are similar to those
given for the solid waste medium in Section 4.5.2.1.

No Action Response for Soil and Riverbank Sediments:

No Action. This option may be useful for some sites provided that risk assessment
indicates the acceptability of leaving soils and/or riverbank sediments as-is with no
additional remediation or monitoring. However, for broad applications, administrative
implementability is questionable because of likely resistance to this solution by the
public and the regulatory agencies. The effectiveness of a no action response may not
satisfy the RAOs if contamination remains in place. The alternative is not eliminated at
this stage because this option is required by the NCP as a baseline and because it may
be an appropriate response for some sites.

Institutional Controls Response for Soil and Riverbank Sediments:

Access Restriction Options. Options of fencing and deed restrictions are effective,
implementable, low cost, and were retained for development of alternatives for reasons
similar to the other media.

Monitoring Options. Leachate monitoring was eliminated as a potential option because
current soil and riverbank sediment sites cannot be monitored for leachate without
construction of a horizontal barrier beneath the contaminated sites. Leachate collection
systems require some method to concentrate or sample the leachate that may be
migrating below a waste source. This would require either a natural clay barrier or a
constructed barrier. Placement of such a barrier beneath a disposal site is not
considered practical without waste removal. Therefore, this option was eliminated.
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Containment Resnonse for Soil and Riverbank Sediments:

Capping Options. The two options retained were the RCRA multi-media cap and the
Hanford Barrier for the same reasons as discussed above for the solid waste medium
(refer to Section 4.5.2.1).

For similar reasons as given for solid waste (Section 4.5.2.1), the other process options
were eliminated based on the need for significant maintenance to ensure the long-term
integrity of the cap.

Horizontal Barrier Options. Grout injection was the only horizontal barrier evaluated
at this screening stage. The horizontal barrier option was eliminated because of limited
effectiveness and difficulty in implementation. The porous soils at the 100 Area would
inhibit accurate grout placement.

Vertical Barrier Options. The grout curtain option as a vertical barrier was judged to
be ineffective due to the expected uncontrollable nature of grout in the porous Hanford
soils. It was therefore deleted. The slurry wall option is moderately effective, but
would be costly to construct and difficult to implement at the required depths. It was
retained as a representative process option of this technology category.

Run-on/Run-off Control Options. The three process options for run-on/run-off
control include diversion/collection, grading, and revegetation. All three are effective
for their intended applications, i.e., to control or direct surface water run-on/run-off, to
prevent flooding, or to control erosion. All options were retained.

Removal/Disposal Resnonse for Soil and Riverbank Sediments:

Removal Options. Excavation is the only process option considered for this medium.
Numerous methods may be available to accomplish this objective. Excavation was
retained because it is highly effective, moderately implementable, and relatively low in
cost.

On-Site Disposal Options. On-site disposal in a tumulus was judged to have limited
effectiveness and was eliminated. A tumulus is an above grade structure that is more
susceptible to surface degradation and maintenance requirements relative to options
where waste is buried below grade. The remaining process options, i.e., trenches/pits,
vaults, and RCRA landfills, were retained as representative of the technology and are
considered to be more effective as soil waste disposal options.

Off-Site Disposal Options. Off-site disposal in a geologic repository was determined
to be highly effective but not implementable in the time frame necessary to meet the
RAOs because a repository is currently not available and one is not likely to be
available in the foreseeable future. The RCRA landfill and DOE facilities options were
retained as being representative of the technology required for the disposal of the
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variety of wastes to be encountered, i.e, a RCRA landfill could only handle hazardous
wastes but mixed wastes would have to be disposed of at a DOE facility.

In Situ Treatment Resnonse for Soil and Riverbank Sediments :

Stabilization/Solidification Options. Grout injection as an in situ stabilization/
solidification technology process option was eliminated for the same reasons discussed
for the solid waste medium (Section 4.5.2.1). It would be very difficult to control the
grout flow and direction in soils to ensure complete encapsulation. The course grain
nature of site soils would allow the grout to flow freely around the site. Vibration
aided grout injection was retained for specific applications such as cribs because the
function of vibration during grout injection was to provide a method to control grout
migration to the desired locations.

Shallow soil mixing and fixants were eliminated due to depth limitations. However,
either of these might be of limited use where contamination was known to be near-
surface. Ground freezing was eliminated because of uncertain effectiveness factors:
lack of adequate soil moisture and the need for maintaining a frozen state in perpetuity.
Because of the latter, long-term operating costs are judged to be excessive.

Vitrification was retained because it would be highly to moderately effective for soils
and unsaturated riverbank sediments although it has not been demonstrated for deeper
contamination.

Dynamic compaction was retained as a process option for limited applications where
subsidence control is desirable, such as in combination with surface barriers.

In Situ Biological Treatment Options. Enhanced soil bioremediation was eliminated.
Effectiveness is uncertain because of the depth of contamination and because of the
potential for mobilizing those contaminants which are not biodegraded.

Biodenitrification was retained as the representative option for treatment of nitrates. It
was judged to be highly effective and has been successfully demonstrated in both in situ
and ex situ applications.

In Situ Chemical Treatment Options. Soil flushing is the only representative in situ
chemical treatment option evaluated in this screening step. It requires introduction of
chemical solutions to the soil matrix to strip contaminants from the soil. The
effectiveness is dependent upon recovery of the flushing solutions. A high potential
exists for escape of some mobilized contaminants. For these reasons, soil flushing was
judged to be difficult to implement and only of limited effectiveness, and was therefore
eliminated.

In Situ Physical Treatment Option. Vapor extraction and steam stripping were
retained as representative process options due to their moderate to high effectiveness.
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Soil flushing, RF heating, and electrical soil heating were eliminated due to limited
effectiveness, high cost and/or difficult implementability.

Removal/Treatment/Disposal Response for Solid and Riverbank Sediments:

Removal Options. The process option of excavation is the only removal option
considered for the medium. It was retained as being highly effective, moderately
implementable, and relatively low cost.

Thermal Treatment. Thermal desorption was the only thermal treatment technology
retained. This option was judged to have the potential for being highly effective with
moderate costs (relative to incineration and pyrolysis) for soils application. The options
eliminated included incineration, pyrolysis, and molten solids processing all based on
economics relative to thermal desorption. These options were ranked as moderately to
highly effective but were determined to have much higher capital and operating costs
relative to thermal desorption, due to the need for higher temperatures (which increases
fuel costs). Incineration requires raising the temperature of the soil to a level high
enough to ensure destruction of organic contaminants. The thermal desorber, on the
other hand, only volatilizes organics (at relatively low temperatures) which are then
combusted in a secondary chamber (other options are also available for off-gas
treatment).

Stabilization/Solidification. Bitumen-based, cement-based, and polymer-based options
were eliminated because they would all result in a significant increase in the waste
volume as a result of treatment.

Vitrification was retained as an option as an innovative technology for soil and
riverbank sediments and shows promise as being highly effective although costly for
large volumes of soil (significantly higher costs than incineration due to the need for
melting, as opposed to merely destroying organics).

Physical Treatment. The three physical treatment options evaluated include vapor
extraction, soil washing, and steam stripping. Vapor extraction and steam stripping are
proven techniques for removing volatile organic compounds from soil and riverbank
sediments and are therefore retained.

The effectiveness of soil washing is uncertain due to limited test data and the diversity
of 100 Area contaminants. However, if it can be successfully proven, the technology
shows promise as an innovative approach which could substantially reduce the volumes
of waste required for disposal. It is therefore retained.

Chemical Treatment. Two of the process options, chemical oxidation and alkali metal
dechlorination were eliminated due to limited effectiveness. Soil washing with
chemicals was selected as the representative process option for similar reasons as given
above for physical treatment.
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Biological Treatment Options. Land treatment was classified as having limited
effectiveness because of the potential for mobilization of contaminants. Bioreactors and
biodenitrification were retained as representative process options. Both options are
highly effective in treatment of organics and nitrates.

On-Site Disposal Option. On-site disposal technology to satisfy the removal/treatment/
disposal action includes the same process options that are discussed for on-site disposal
under the removal/disposal response. The tumulus as an above ground facility was
eliminated due to its limited long-term effectiveness. The options retained in this
category were trenches/pits, vaults, and RCRA landfills.

Off-Site Disposal Option. Off-site disposal options for the removal/treatment/disposal
action are the same as discussed under the removal/disposal response. The RCRA
landfills and the DOE disposal facilities were retained for development of alternatives.
A geologic repository was eliminated because it is not implementable in the time frame
necessary to meet the RAOs.
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TABLE 4-1
HANFORD 100 AREA

MEDIA OF INTEREST, EXPOSURE PATHWAYS, AND RECEPTORS

Soils Direct contact Humans

Ingestion Terrestrial flora and fauna

Consumption of plants grown on the Aquatic flora and fauna
land

Aerial fauna
Water and wind erosion of contaminated
soil particles

Bioaccumulation in the food chain

Groundwater Consumptive use Humans

Irrigation and bioaccumulation in the Terrestrial flora and fauna
food chain

Aquatic flora and fauna
Baseflow contributions to the Columbia
River Aerial fauna

Riverbank Sediments Direct contact and ingestion Humans

Bioaccumulation in the food chain Aquatic flora and fauna

Aerial fauna

Terrestrial flora and fauna

Solid Wastes Aerial dispersion Humans

Direct contact Terrestrial flora and fauna

I _ Aerial fauna

Note: The 100-N Area is not specified as a medium of interest since it is sufficiently similar
in nature to the other sites in the 100 Area such that the other media listed also apply to the
100-N Area.
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TABLE 4-2
MEDIA OF INTEREST, REMEDIAL ACTION OBJECTIVES, AND GENERAL RESPONSE ACTIONS

MEDIUM* REMEDIAL ACTION OBJECTIVES GENERAL RESPONSE ACTIONS

Souis For Human Health: No Action
Prevent ingestion/direct contact with soil having an excess cancer risk of 0 to
10V, or radionuclide concentrations resulting in annual whole body radiation dose Institutional Controls
in excess of 25 mremlyear, or annual critical organ radiation dose in excess of 75
mrem/year (see Table IA, Appendix B). Containment

Prevent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment
10 to 10*, or radionuclides in concentrations resuting in doses greater than
10 mremlyear (see Table IA, Appendix B). Removal/Disposal

For Environmental Protection: Removal/Disposal/Treatment
Prevent erosion of soil that would contribute to surface water concentrations
greater than the standards for the contaminants of concern in surface water listed
in Table IB, Appendix B.

Prevent release of contaminants of concern to groundwater that would result in
concentrations in excess of the concentrations listed in Tables 2A and 28,
Appendix B, or above background concentrations listed in Tables AB-I through
AB-10, Appendix A.

Groundwater For Human Health: No Action
Prevent ingestion of water with carcinogen concentrations in excess of MCLs
(Table 2B, Appendix B) and a total excess cancer risk for all contaminants of Institutional Controls
concern greater than 10" to 10.

Containment
Prevent ingestion of water with contaminant concentrations in excess of MCLs
(see Tables IB, IC, 2A, and 2B, Appendix B), or background concentrations, as In Situ Treatment
presented in Tables AB-i through AB-10, Appendix A.

Removal/Disposal
Prevent ingestion of water with total radionuclide concentrations that would result
in a radioactive exposure dose in excess of 4 mrem/year. Removal/Disposalirreatment

For Environmental Protection:
Prevent baseflow contributions to the Columbia River of all contaminants at
concentrations that would exceed chronic aquatic concentrations presented in Table
2B, Appendix B.

Restore groundwater quality to background concentrations for all contaminants
presented in Tables AB-I through AB-10, Appendix A.
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TABLE 4-2
MEDIA OF INTERESr, REMEDIAL ACTION OBJECTIVES, AND GENERAL RESPONSE ACTIONS

MEDIUM* REMEDIAL ACTION OBJECTIES GENERAL RESPONSE ACTIONS

Riverbank Sediments For Human Health: No Action
Prevent ingestion/direct contact with sol having an excess cancer risk of 10 to
10, or radionuclide concentrations resulting in annual whole body radiation dose Institutional Controls
in excess of 25 nrn/year, or annual critical organ radiation dose in excess of 75
mmin/year (see Table IA, Appendix B). Containment

Prevent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment
0 to 100, or radionuclides in concentrations resulting in doses greater than

10 mrem/year (see Table 1A, Appendix B). Removal/Disposal

For Environmental Protection: Removal/Disposallrreatment
Prevent erosion of soil that would contribute to surface water concentrations
greater than the standards for the contaminants of concern in surface water listed
in Table lB, Appendix B.

Prevent release of contaminants of concern to groundwater that would result in
concentrations in excess of the concentrations listed in Tables 2A and 2B,
Appendix B, or above background concentrations listed in Tables AB-1 through
AB-10, Appendix A.

Solid Waste For Human Health: No Action
Prevent ingestion/direct contact with solid waste having an excess cancer risk of
10i to 10 , or radionuclide concentrations resulting in annual whole body Institutional Controls
radiation dose in excess of 25 mrem/year, or annual critical organ radiation dose
in excess of 75 imremlyear (see Table IA, Appendix B). Containment

Prevent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment
10" to IV", or radionuclides in concentrations resulting in doses greater than
10 iment/year (see Table IA, Appendix B). Removal/Disposal

For Environmental Protection: Removal/Disposal/Treatment
Prevent erosion of solid waste that would contribute to surface water
concentrations greater than the standards for the contaminants of concern in
surface water listed in Table IB, Appendix B.

Prevent release of contaminants of concern to groundwater that would result in
concentrations in excess of the concentrations listed in Tables 2A and 2B,
Appendix B, or above background concentrations listed in Tables AB-I through
AB-10, Appendix A.

'Note: The 100-N Area is not specitied as a medium of interest since it is similar in nature to the other sites in the 100 Area such that the other media listed also apply to the 100-N Area.
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TABLE 4-3
HANFORD 100 AREA

VOLUMES OR AREAS OF AFFECTED MEDIA

MEDIUM VOLUME, Loose Cubic Feet

Low Activity(' Soil 420,116,000
(grain size <12 inches)

High Activitym Soil 13,495,000
(grain size <12 inches)

Low Activity'" Soil 22,112,000
(grain size >12 inches)

High Activity Soil 710,000
(grain size >12 inches)

Groundwater, all low activity 4.8 x 109 gallons

Riverbank Sediments, all low activity"o 33,790,000

Low Activity'" Solid Waste 109,614,000
(except pipe >24 inches, diameter)

High Activity(' Solid Waste 7,581,000
(except pipe)

Low ActivityO Pipe 31,935,000
(diameter >24 inches)

High Activitym Pipe 394,000

(1) <200 mR/hr surface, <100 pCi/gram TRU
(2) >200 mR/hr surface and/or >100 pCi/gram TRU

All volumes are taken from WHC (1991e) except for Groundwater and Riverbank Sediments
which are derived in Appendix D.
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PotentalyApplicable

Well points cannot be inisted
P i rocky soils

PotentialyAAiabe

Potenilly Applicable

Potentialy Applicable

Potentialy Applicable
Implementablty Uncertain

Not applicable in saturated soils

U-I

PotenM yAppicable

PotenftilyAplicable
Canm! be driven

into rocky soils
Implementablity Uncertain

Nat applicable due to difflittI
matning stable baerral to

mobilize contamrinan
Potentially Applicable

Potentially Applcable

Fi re4-2
Hanford 100 Area FS: Technical Implement Screening of Process Options for Groundwater
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Groundwater General
Response Actions

Remedial
Technology

9) , I ' , * ) ( 3 1 $-

Process
Options

DescrIptions

1creenin1 2on4

Screening Comments

Extraction Wels

Extraction DraansTrenches

Aqter Miding

Lhxnia Edraction

Deepwell nheciono

Above4Bekw-GroundTanks

Evaporation Ponds

AkStippkig

PergeableTreatment Beds

Vapor Extraction

Electro-IGetic Separation

In Situ Chemical Precipitation

Groundwate removal through wegs

"MAlnq oinfiltation trenches used to
colivdrt groundwaterflow by gravity,

Removal of water bearing strata (and overburden)
using mhng techAology

Dissofutin of adsorbed contaminants
ifro saturated seimoents

Discharge of udtreated groundwater
below aquifers

Indefinite storage of containated
grouwater inalon(Asvelow ground Rs
SWar Evaporation (Passive Evaporation)

Process where nutdriens and microbes are ir~ected Into an organically
contaminated zone and bpoducts e recovered for disosal

lrwcion of microbes that preferentially
metabolize irate contamnination

Perftd paInstaled belowthe aqufrgad t
pexote throng gr dw eby gorganic mination

Atrench is excavated below the aquifer aid is backfiled wtaatmreatent
medium intended to intercept contaminants in the grouwndwater

Vacuum extraction f VOCsfrom groundwater
Migration of ions Induced by direct rent, simlar to

electro-tisysis but no memnbrane is used

Additon of reagents to form insoluble
(and thus, ininobile) precipitates

Potentially Applicable

PoternriyApplicable
Potentialy Applicable

PotentiallyApplicable

PotentialyApplicable

PotentialyApplcable

Potentidy Appiceable

PotentallyApplicable

PotentiallyApplicable

PotentialayAppolcable

PotentiallyApplicable

PolenteyApplicable
PotentiallyApplicable

Potentially Applicable

Figure 4-2
Hanford 100 Area FS: Technical Implementability Screening of Process Options for Groundwater (continued)

RemovalGroundwalerExtaction

Wastewater
Disposal

Cs)
'C

Enhced GOundaremedlon I

Tea nnt

~~2

0z0

n1itk Bioi
Tre



S

tsseoe oao4a

GroundwaterGeneral
Response Actions

Remedial
Technology

Process
Options

Descriptions Screening Comments

ExtracdonWels

Remove! FGro wund r S adion Drains(Trenches
L Extraction 

MAqU W
Treatment IdWant Etation

Dipossl

--

Blosorpion I

Ion Excange

Evaaora : Passive

MediaFiltraion

Flocculon

Cabon Adspon

Air Stripping

Reverse Osmosis
talilratron

Eltatrodysis

Dissolved Air Fltto

Sedkmentation

SteamStripping

Evaporatoin Forced

Freeze Crystallization

Supported Uquid Membrane

Groundwater removal through wells
Dratt" & niMation trenches used to

a groundwater flawby gravity
Removal of waterbeanng stata (adoverburden)

usiginn tehogy
Dissolution of adsorbed contanants

from satuated sedments

Biological destruction of organic contaminants in contained vessel
Mix nulits, cuhres and groundwater in process

vessel under anaerobic conditons
Adsorptionofheav metals and potentially
radionuclides onto a fler contalning aa

Adsopiron of Ionic contamination on activated resin matedals

Solar evaporation of aquems wastes In ponds
Itroducion of dllmcosearth to a girounwater waste stream

for more efticent removal of suended material
A mehdof reoin dssddmaterials andsa= sof by

A iantroducin co ods thal coagulate co ts
Removal a or auc contamhnaon orom grouwater by

aft= ~n on granular activated carbon
A common unb operation in wtih VOCs dissolved in water

are vapoirized and irmoved
Removal of contaninants byTn growidtwarter through aMer under pressure:

the contaiants we a o n o the liter and pure water Is removed
A variation of reverse osmosis using a more porous ilter and ess pressure

Ion migration is induced by direct current through a plastic membrane
Removal of suspended bies us' .ig froting and air bubbles:

the fines agiare toth bubbles and may e b simmed off
Setting of suspended materials by gravity

Anenh ment toralrip which removes
seonoati comspounds an 12ilion to VOCs
Uses heatfor more rapid volme reducition

Concentration of containants by freezing and removing pure ice crystals

Use of highfftsvilylquid (Doario liqdi microoes of a
nubae rnMae for Moloant removal

f e4-2 P

Hanford 100 Area FS: Technical Implementabifity W e ening of Process Options for Groundwater (continw

Bloreactors

.tP,

TEwKw

Potentially Appkcable

Potentially Applicable

PotentayApicable
PotentiayfAppcable

Pote"IlyAppIcabe

PotenIaly Appicable

Polentily Appicable

Potentialy Appicable

PotentiatyApplcable

Potentaly AppNcable

Potentialy Applcable

Potentialy Applicable

PotenuaiyfAppicable

Potentially Applicable

PotentiallyApplicable

PotentiallyApplicable

Potentially Applicable

Potentially Applicable

PolentialyApplicable

PotentiafyApplicable

potentially Applicable

Continued
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Groundwater General

ResponseActlons
Remedial

Technology
Process
Options

Descriptions Screening Comments

Remova

TreatImer

Disposa

Chemica-
Treatment

4- .f
4~-

ChenicalOxidation

Preciptation

Tdtrn Treatment

Wet Air Oxidation

Chemica Reduction

Destruction of organic ontaminatn by chemical reaction withoxidizer srb as hydrogen perode and ozone
pH ajustment to ccndtions where contaminants become

Isoluble and precipitate
Concentration of ritium by ectrolysis oroter physical processes;

Oxidation of organics at elevated temperature and pressure
Redox reaction w reduces hexavale,A
dhomhu to insolube trivalent chromium

PotentiallyAppicable
PolentiaflyAppicalbk

PotentiallyAppicable

Potentialy Applicable

Potentiay Applicable

rSi fl4 Columbia River
Above4Belowround Tanks

Deep Wei Injection

Reiriection into Aquifer

Crib Disposal

Discharge of treated groundwater directty to the soil

Discharge of treated groundwater to the ColumbiaRiver
Discharge of treated goundwaterto tanks as an interim measure

to allow decay of shot-twe radionuclides

Discharge of treated groundwaterbelowaquifers

Sinar to deepwell ijection, but discharge is made back into the aquier

Discharge to sel column

PotenilyAppcable

PoteniadlyAppicable

(Sortjr$a des)

Potentially Aplicable

Potentialy Applicable

Potentialy Applcable

Figure 4-2
Hanford 100 Area FS: Technical Implementability Screening of Process Options for Groundwater (continued)
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Sol/Sediments General
Response Actions

Remedial
Technology

Process
Options

Descriptions Screening Comments

NoNone ---

ImfittnalAccess;
Actions Restrictions

Monitoring

Containert Capping
Actats

Vertical
Barriers

Run-nRuOff
Conroel

Not~plccble

Fencing

Deedtlesticons

Leachate Monitoring

Asphat-Based Covers

Concrete-Sased Covers

SalVCiay-Based Covars

RCRA Muld-Meda Caps

Hamrrd Barriers

Synthetic Covers

ut Iection

ShxryWals
Grout Curtains

.1 Seelt gs 

Cryogeni*Walls

BiDogical arrers

DiversionColection

Grading

Revagetalion

No Action

Fencing of the site to restrict access
,iucovenanta for rpeexs n h ea

w~incliler ansoproperty ise

Continuous rnonit ofleachate from
t rA Isedltmers

Asphalt layer over areas of contamination

Concrete slab over areas of conterinaon

Compacled day and soil layer over areas of contanmi5on

Synthetic membrane, clay, sand, and vegetation layer over areas of wntainaon
Muhiple layers of natural mateias (i soil, sand, gravel. dgrp)avr areas of corriarranabon
Synthetic membrane and sal layer over areas of contankation

Virified so! layer over areas of contamination

Pressure iredan of grout psey acedriM holes

Freez terstiglmoisturewith sailsby
ckrcdaling cadlant below aea of contamrinaboon

Vitrifled sallayer beneath areas of contamination

Trenches around aeas of contaniation are filed wilth
soid (or centr) bentoe slurry

Pressure kijection of grout posts In a pattern surrounding area of conrtaination
Sheets of concrete, wood, o steel are diven Into the

sails sutroundoll- reas ofm cantinbation

Freezing of interstitial moisture within soils surrounding area of contamination

Barier created by accumuation of biomass

Surface water mantagement by construcion
of darns, dikes, bums, channiels, or leees;

Modification of site topography to eliminate flooding, erosion, and ponding

Vegetation cover over areas of contamination to reducefeEminate erosion

Requiredfor consieration by NCP

Potentially Appicable

PotentiallyAppdcable

Potentialy Appficable

Potentially Applable

PotentialyApplicable

PotentilafyAppicable

Potentially Appoicable

Potentially Applile

Potenaly Appkcable

Inability to form seamless cap

U~~1
to

Polentiay Appicable
Addtion of moisture to form wallcarn potenrtially mobilize contaaninants

NvtAppkable: has not been
demonstrated at depths required

PotentialyAplicable

Potentally Appicable
Cannot be drven
into rockry sis

Addition of moisture to form wall
canl pet entit rrbite contaminants

Not appable due to dilficulty in
maintaining stble nbarierandpotential to mablize oenarnbwnts;

Potentially Appicable

Potentally Applicable

Potentialy Appicable

Figure 4-3
Hanford 100 Area FS: Technical Implementability Screening of Process Options

for Soil and 9 bank Sediments
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Solls/Sediments General
Response Actions

U)

Remedial
Technology

0-

Saldf _ct-o

Process
Options;

R I 11,111pDisposedt

Bi7di:rifcation 

I

Vapor Extraction

Stem Stripping

Soil Rushing

RF Heating

sectrical Soil Heating

Erha

In Siu
Tr- ---e

Teatment

J)
0

asses31201AI

Descriptions

Trenchies/Ps

Vaults

Tumrulus

RCRA Lanuifs

RCRALandflls

DOE Disposal Facilties

Gedogit Repositoories

Grout Injection

Vibration Aided Grout 1ecton

ShaowSoiMbing

Fats

Vitrification

Ground Freezing

DynamicCompaction

Screening Comments

Uncoveiing and remnoval of contaritnated
soils/sediments Wit standard earth moving ecipment

Disposal in excavated trenches and pits

Disposal in conservatively designed, reinforced concrete vaults
Disposal by mounding waste placed on a stabli structural pad

Disposal of hazardous waste In on-site EPA permitted landfill

Disposal of hazardous waste in EPA
approved hazardus waste l

Disposal of waste at other DOE faclities
with EPA approved disposl arens

Disposail of waste in EPA
app roved uderground repository

Ptessure ifection of grout tirug equ spaced
dMi holes; ino areas of contasmriahon

ressure irjecion of grout thro4 equally spaced
drill holeis aided by vbration along I-beams

Mxitg sollsesdirnents with chemical
comnpounids to produce a soiffied mass

Spray coating the soi suface to prevent airborne contarination
Electrically melt asofcontaraon to immoblize

contamnnts in glass form
Soldification of sos by freezing moisture in situ

Waste sestabilizat usii 7 aIN
n tre

wegdopped repatedyo pgecth

Introduction of icrobes end nutrients in afluld to enhance
organic contamnation destruction faored by removal

Irtecton of microbes which preferentially
metabolie nitrate centanlnafro

TI andintroduction of nutrients to the sol to
ance microbial destruction oforganics

Reactive in sius isng whdch
aciolveadsord cmas

tnrracreenttoakslhpp wfrh remocvesVethoaecou ndsxra on ort VOCs

Non-reacive issitu soil was Wag to
remove adsorbed contamiat

Use of RF energy to induce migration of organic contaminants

Warming the soil to enhance VOC migration to the surface

Figure 4-3
Hanford 100 Area FS: Technical Implementability Screening of Process Options

for Soil and Riverbank Sediments (continued)

aced Sol Bioremediaion

PotentladyApplicable

Potentialy Applicable

Potentially Appicable
Potentially Applicable

Potentially Applicable

PotentiayAppicable

PotentiayApicable

Potentially Appicable

Potentially Applicable

Potentially Applicable

Potentially Applicable

Potentidy Applicable
PotenfiallyApplicable

Potentiay Applicable

PotentialyApplicable

PotentiallyApplicable

Potentially Apptcabe

NotApicabledueto
depth iantaramination

Potentially Applicable

PotentiatlyAppicable

PotentialyApplicable

PotentiayAppticable

Potentiy Applicable

Potentially Applxcable

0
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Soils/Sediments General
Response Actions

Remedial
Technology

Process
Options

Descriptions Screening Comments

Thermal Desorption

Incineration

Pyroytics

Moten Solids Processing

B tumen-Based
Ceinent-Basad

Polymer-Based

Vitrification

Vapor Extractin

So Washing

Steam Stripping

Uncovedagi and removal of contamnated
sois/sedients wth standaid eath movig equipment

Removal and deshction of oranc cntmflants from
waste by low temnpertlwe thermal treamnt

Destruction of organic contaminants by high temperature oddatbon
Decomposition of organic oonants understarved

air wndtons at 4h temperatures
Destruction of ora cotaninants and knoblization

oremaining consfilnts

txg of solls/sedments wth bitmen to form a
stable waste form

Mtvln of soilslsediinents with
waterdPitiand t ad ooa ol thicwasteform

FEnca 1aifooW sedman '1

Maltg of soWsedkents with lass

Vauin extraction of VOCs

Use of non-reactive extractants to remove contanination

An enhanoement to skS , which removes
saritolal ompuds ~tn to VOCs

PotentidyApplicable

PotentialyApplicale

PotentiallyApplicabe

Potentially Applicable

PolentialyAppilcable

PotentdalyAppliade

Potentlaly Appicable

PotenifyApplicable

Potentially Applicable

Figure 4-3
Hanford 100 Area FS: Technical Implementability Screening of Process Options

for Soil and Riverbe diments (continued)
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Solls/Sediments General
Response Actions

Remedial
Technology

Process
Options Descriptions Screening Comments

TRtOm

LEGEND

Shaded Bor
Technology or process

opio s ceened from
tuteConsderton

No-shaded BU

option aed at
fissareening stage

Ched
Treatment

On-Site
Disposal

Of-he
]4Z p:s:]

Chemical Qyidabon

Soil Washing

Alki Metal Dechlorinaion

TrencheslPs

Vauts

Tumiius

RCRALandils

RRA Landis

DOE Disposal FacIlies

Geol* Repositories 21

Increase o decrease I the o~alon state of contaminants
to facith Wt hi removal by other treatments

Use of reactve extractants to remove contamination

Chemical destruction of chlorinated compounds

Biological destuction of organi owntamrnants

Excavat esoai nd x wh n utrie ntsa
ona lined callmrbed

W~xriaetcutradsNi a proceMs

Disposal in excavated trenches and pits

Disposal in conservatively designed, reinforced concrete vaults

Disposa by mording waste placed on astable structura pad
Disposal of hazwdous waste in on-site

EPA approved landll

Disposal of hazardous waste in EPA
approved hazardous wate landIl

Disposal of waste at other DOE faoil
fwt EPA approved disposal res

Dispoosal of waste In EPA approved underground repository

Potentialy ApNcable

PotentiallyAppicable

PotentkallyAppicmble

Potentialy Applicable

Potentially AppicaNe

PotentilyAppicable

Potentially Appicable

Potentialy Appiable

Potentialy Applcab.e

Potentialy Applicable

Potentialy Applicable

PotentiayApplicable

PotentialyApplcable

Figure 4-3
Hanford 100 Area FS: Technical Implementability Screening of Process Options

for Soil and Riverbank Sediments (continued)
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Solid Waste General
Response Actions

Remedial
Technology

Process
Options

Effectiveness ImplementabilIfty

NotApp*cablot4nes Fe

Inttoa l Acces Fenin
Actions Resictioos Dead Restrictions

Moitorkig ~ LeadiateMontowg

Cappig -

Ap iallBased Cover
Cocet-ased Covers

RCRAMulti-MedlaCaps
Hardord Barriers

+r setoves -

lllHodzorffSILW
Abs

Grout injection

VJFtic Sluny Walls

-- ~ D Grot Curtains

Run-C Run-Off
Control

Linited - May not achieve RAOs

United- Provides abaser buttes not
preen access to restricted aren

United -Efeive nshot term, uncertain
in lon term

Untta - Installation difficarnes beneath
e~dsfng containated skes

Lmited - Inadequate og-term penformance,

United- Inadequate log-erm -
Umited- Inadequate long-term pedormance

Moderate - Long-tern perormance

Hg- Effective over long-term

Urnied - Inadequate bog-term pedoromnce,

I MUnit Fl drection diwcttocontrol;
_i~jlong-term peformance uncertain

Moderate - Etfecteiess depends on uiorm
tnckiessto redece groundwater flow

Not EfcieDihfro

Moderate . Effectivenes depends
on frequent in

Udte-EfeclveinpreventingeroI
does not &ivent or prevent run-aV,1

Moderate - Effective in prevenut . g erosioan

May not be aceptable to local
pubiandfegialors

Easy-Commonly used

Easy -Visual monitoring required

Diftit- Installation beant exiig
ontainated sies vriolte AVMA prnips

Moderate- Conmmerdy avaihtble
Moderate -Corrmerdaly avelatfe

Easy - Conmercially milabla

Moderate - Synthetic materials
and natral matedals

Moderate - Innovative, natural materials
avaEiydon site

Easy-.Conmmonly used specialized
Installation requitel

DWult- mited control of tow
path for god

Difilt- Constr d ioncdffioues; slurryloss &drng exrcavation must be prevented
Modandl - Peperdentcn slI

characteristics and dt

Easy -Wel developedteci.ques

Easy - Wdely used tecnique
Easy- Coornty used for

site reclamation

None

Low- tfltxpetsive
moaterials, easy histalation

Low-Minimalresourcesrequkred

Pligh - Instalion reqires excavationt
throgh coortainated sces

hgh 0 & M

143L O&M 0.
Low Low ionw and

mteial costs ~
Moderate- Mostynaturalmnatedialsi

Moderate - Moderate capital,tow & M
Moderate - Moderate capital costs

Moderate -Modrate
capital and 0 & M

High - itlduet

High- ca duato

Moderate -Low capit,
tdgn 0 & M

Lmw- Easy to knplornent
inlrmw resource retuseerets

Low -Once iplace,
no0& M reqired

Figs 4r4d a
*nford 100 Area FS: Implementability, Eflectivenes d Cost Screening of Process Options for Solid W
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Solid Waste General
Response Actions

Remedial
Technology

Process
Options

3

Effectiveness Implementablity

ExcavationRemoval Remo on
On-SitetD,=

Dispose]

rr r0ff-Site

Trenches/Pits

Vaults

RCRA Landfills

RGRALandftis

Disl DOEDisposalFalities

LA~oiepmosoi es

Tr ni Vitration Aided Grout I*cton

-ynmiComto

igh - Effective tr remnoval of solid waste
at high capacities

High-Etfectiversitzereduction

Moderate - Effective sang
cwttaninards fromaesjeevirmo

Fro- Effective for isaao
from hummi tontadt

Linted - SuSoeptbre to degradation

Moderate - Eftedtivei prevening
miaotio of cotamts

Ifigh - Efecve for diposal of non-
radioactve waste torms

Moderate - Opposon tom host state
government and boa] residents

"? -ffe o ntanoen
o f at radoactvowastes

Limited- Rwdreindtflcft to contro
log-term pefoiumce Uncertain

Moderate - Effective contmoI
dfgroutplaceineot

Uited - Shedd be effecive in
shrtermbrporoisratetilals

Moderate - Equipment modification may beecessaty; wadTvelopedtenMoIgy
Moderat Hydaulded ntots

Eas-Co waste

enate - Based on design to
meet regulatoyre~ramrib

Moderate - Based on design to
meet regauat~'requirements

Moderate -Wel develpedtechology

Easy - May usexistingfadities
DfficuhA tnpeting

Not Ime r ory

Easy-We d e tecnology for

Moderate -More dffculin
rocky sol

LoW oer ,
LowL0&W'

Low- Shandardcoostactim
ranimal maintenance

High - Consevatre design
saety features

Low-ocptl

Moderate- Specialized designs
not reqired

Low

a ig madiae
and ca- w ~n Eerien ce

Moderate - Moderate
cHito] and 0 i M
More expensive due to

iaainrequiremoents
Low Low c

Figure 4-4
Hanford 100 Area FS: Implementability, Effectiveness, and Cost Screening of Process Options for Solid Waste (continued)
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Solid Waste General
Responso Actions

Remedial
Technology

Procuals
Options

Electfinvntess Implementablfity

Excavation

Demoiltion
Treatment

ThermalDesorption

Incineration

Pyroysis

- MeRalMeing
-MohlerSoidsProcesski

Bnaln-Based

Cement-Based

Si-ze sed

tie Reduction

* MetaOecOr&QranatIOU Lr

ChemicalOxadaton

CheiAcd estion

Trenchesfs

Vats

- s-ps", DOE DisposalFacIas
DispoGa

High - Effective for removal of solid waste
at high capadtis

High- Effective for size reduction

High - Effective forN aC nan int
remal and sin

ige-rEffectivet rdestrdution
of ogamocontenbnon

High- Effective for destscudion of
orgaricocefaniriation

Uncertain - Effective i removing TRU
from, metals Tests needed tot otiir radionuclides

Moderate - Effectiveness not
demonstrated to scale

r eited tes ad deterine

g- sectnlea no
Limite-tn edfyetrcrienof

Moderate- Effective for head o aw
polyerzation my be rIded b rgis"

et - Eff.e i destruction ogt
em nitran coswmdnnts

Limited - Additional treaent reqired

United - Effective for lage volurnes,
dpendent on degree tsotng

Moderate - Dispersal of casairinants

High - Effecrness based on level of cntaninaio
and rilysicad cusndtidn of waste

Limited - Duieto need for exfaction ofcorgarhs

Limited -Effective frcoutible
wastes oridy slow processing rates

Limited -Effective V reacive
metals only

High -Effective for isolation
from hui contact

Limted - Susceptible to degradation

Moderate - Effective in preventing
nigration ofcotras

High -Effective fordsposal Ofnon-
radioactive wastetris

Moderate - Opposition frn host state
governmes andc focal residents

High.-Effective for coitalnmmit and
,adon of raffloatve wastes

tincEilcationnabeModerate- M eN oecsrywl dewoedfdmlg
Moderate - Hydaulic dernditon tools

M nera-Wdyavailabte

Moderate - Well developed technology

Moderate -Well developed technology

Moder at- Comirmeir avalablae

Diffiult - Requires segegated
wastestreamr s

Diffirdit- Presenity beindvtoe
andlemo etd

Moderate -Wed developed technology
Adaptation to Hartford cein ens necess

Easy -Comaons used tenology
Moderae -Cormm< avalishis.bW

not generally

Dt;Blat Iredinovabveeoy"

Dificult -ALARA considerations
must b addressed

Moderate - Size reduction or special
handingrequied

Diffiult- Segregation of wste
stream reqclked

Difficult- Dependent on need

dangeroues operating ceodifims
Difficult - Requires reactivematerials

Easy -Coo= used waste

Moderate - Based ont design to
meet retfulatory ireeannts
Moderiate - Based on design to
metreguiatory reqtireaments

Moderate - Wei developed tedmclogy

Easy - May use e~ftng fadfilies

wast or disposal
Not Impemnale; repositoy

*11 not be avalable

Low-Law

Low-Lo'r U

Moderate -Lowerteivperaturrerequired
r - High maintenance
gas treatment needed

l~s Hig maeac
0 gstemetneeded

Very High - High
energy requiremnt

Low-Inepensive
bnigagent

Low ow

fi H ig telp

It=
Vey Hlgh - ople 5s

ceatal, readiy, available
Very igh - Doe to personal protetin

eqipmxent and exposme required
Moderate - Labor iensivelow maintenance
High - Pretreatment may

be reqared

Very High -BassieWexenwv
reagents and energy csMnpTlc

Very High -Eirteisod rocs
ontrolreqare

High - Dangerr us operating
conditions

Low- Standard o tuctionminmmrl mainteniance
High - Conservative design

safety features

Moderate -Specialied design
not required

Low-Low captial
andrmintenance

Hig - High.matemancs,
mclg land dspPsal

VeryHigh - asedwnWHP

Han 100 Area FS: Implementability, Effectiveness, and w Screening of Process Options for Solid Waste (c wed)
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5.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES

5.1 INTRODUCTION

Following identification and screening of technologies and process options, remedial
alternatives are assembled, developed, and screened, following the guidance provided by
CERCLA (EPA 1988a).

This section of the FS is divided into the following topics:

" Development of alternatives (Section 5.2)
" Screening of alternatives (Section 5.3)
" Introduction to alternative screening (Section 5.3.1)
" Solid waste alternatives (Section 5.3.2)
" Groundwater alternatives (Section 5.3.3)
* Soil and riverbank sediment alternatives (Section 5.3.4)
" Summary of the alternatives evaluation (Section 5.3.5).

Section 5.3.5 provides a comparative analysis of the alternatives including the rationale
for retention or elimination of specific alternatives.

5.2 DEVELOPMENT OF ALTERNATIVES

Remedial alternatives are developed by combining representative screened technologies
and process options to provide integrated solutions for remediation of contaminated waste
sites. In Section 4.0 of this report, the universe of potentially applicable technologies was
screened twice: initially for technical implementability (refer to Figures 4-1, 4-2, and 4-3)
and then for effectiveness, institutional implementability, and cost (refer to Figures 4-4, 4-5,
and 4-6). Based on the results of these two screening steps, alternatives have been developed
which span the range of GRAs and which combine technologies from different GRAs, if
necessary to provide an integrated solution. For example, capping (a containment general
response action) is combined with removal and disposal general response actions, so as to
provide a complete solution for placing removed waste in a configuration which is most
protective of human health and the environment.

The alternatives development process for this FS is shown graphically in Figure 5-1 for
the solid waste media, in Figure 5-2 for groundwater, and in Figure 5-3 for soils/ riverbank
sediments. A total of 27 alternatives have been assembled; however, only 18 of these are
unique as some of the alternatives apply to both solid waste and soil media. Technologies
and process options have been combined in such a way that representative groups of
technologies can be compared. For example, some alternatives are established which differ
only by the type of disposal, e.g. on-site vs. off-site. This is done so that the impacts of the
disposal method can be evaluated stand-alone without involving parallel consideration of
factors not relating to disposal.

5-1
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Each of these alternatives is described in sufficient detail such that they can be evaluated
in the alternatives screening step. Descriptions are based upon the general process
information given for each technology/process option in Appendix C. In addition, each
alternative is described in view of known site conditions, contaminant ranges, volumes of
contaminated media, remediation times, etc. These descriptions are given in Sections 5.3.2
through 5.3.4 for each media.

CERCLA guidance (EPA 1988a) suggests a maximum of ten alternatives (from no
action to removal, treatment, and disposal) be developed for detailed analysis. However,
because this is an area-wide FS, encompassing many types of contaminants, media, and
waste forms, more alternatives were developed overall to provide greater flexibility in
subsequent detailed analysis phases to be performed as part of the focused feasibility studies
for IRM or OU final remedy decisions.

Other considerations and assumptions used to develop alternatives are listed as follows:

* No attempt was made to formulate alternatives for groundwater in combination with
other media. Such combinations will be considered in future focused feasibility study
phases following completion of risk assessments indicating that combinations are
required to eliminate source to receptor pathways.

" Soils and riverbank sediments are sufficiently similar to be considered a single media.

* 100-N Area media (groundwater, soils, riverbank sediments, and solid waste) are
sufficiently similar to those of the other operable units and, therefore, are not
considered separately for alternatives development purposes.

Alternative combinations which consider multiple media might be developed which
combine source removal (e.g., contaminated soil) and containment of groundwater. The risk
assessment provides specific information on the source to receptor pathway. It is important
that multiple media transport of contaminants be defined which in turn suggests how the
source/receptor pathway can be manipulated to control or eliminate contaminant migration.

5.3 EVALUATION AND SCREENING OF ALTERNATIVES

In accordance with the CERCLA FS process (EPA 1988a), each alternative is evaluated
against established criteria. The criteria are essentially the same as used for technology
screening, i.e., implementability, effectiveness, and cost. However, in the alternatives
evaluation stage, the criteria are now viewed in more detail, considering more site-specific
conditions, and as applied to the integrated remedial solution rather than to just a portion of
the solution. The CERCLA evaluation criteria are listed as follows:

Effectiveness:

e Short-term protection of human health
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- Assesses protection of the community during remedial action, including risks from
dusts, transportation, air-quality impacts, etc. Also, assesses protection of workers
during remedial action and the threats which may be posed to workers.

" Short-term protection of the environment
- Addresses potential adverse environmental impacts resulting from construction and

implementation and evaluates the reliability of the available mitigation measures in
preventing or reducing the potential impacts

" Long-term protection of human health
- Assesses the residual human risk remaining from untreated waste or treatment

residuals at the conclusion of remedial activities; assesses the adequacy and
reliability of controls if any that are used to manage treatment residuals or untreated
wastes.

" Long-term protection of the environment
- Same as long-term human health protection, but with applicability to impacts on the

environment

" Reduction of mobility, toxicity, or volume reduction.
- Assesses the extent to which the alternative achieves destruction or reduction of the

total mass of toxic contaminants, irreversible reduction in contaminant mobility, or
reduction of total volume of contaminated media.

Implementability - technical feasibility:

" Constructability
- Relates to the technical difficulties and unknowns associated with a technology

" Operational reliability
- Focuses on the likelihood that technical problems associated with implementation

will lead to schedule delays

" Maintenance
- Assesses the degree and difficulty of maintenance of the remedial system during the

implementation period; also considers the time-frame for which maintenance is
required.

Implementability - administrative feasibility:

* Agency approvals
- Assesses the likelihood of gaining public and regulatory acceptance of the proposed

remedial action including all necessary permits
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* Availability of services
- Assesses the availability of adequate off-site treatment, storage capacity, and

disposal services; assesses the potential for obtaining competitive bids, which may
be particularly important for innovative technologies; assesses availability of
prospective technologies

* Specialized equipment and personnel
- Assesses the availability of necessary equipment and specialists and provisions to

ensure any necessary additional resources for accomplishing the remedial activities.

Cost - relative cost:

* Assesses the relative magnitude of both capital and operating cost over the period of
the remediation.

Detailed descriptions of each of these criteria are given in CERCLA guidance (EPA
1988a, Section 6.0).

5.3.1 Alternative Screening Process

The alternative evaluation step culminated in a formal scoring process to provide a
numerical qualification of how each alternative meets the evaluation criteria. The scoring
process recognizes that how alternatives rate against a specific criterion is not a pass/fail
situation, rather it is a matter of degree. This degree, which considers the balance of pros
and cons for each factor, is represented by a simple 1 to 5 scale, whereby "1" (poor)
suggests that the criterion is not met at all while "5' (excellent) suggests that the criterion is
met very well.

The scoring was performed independently by multiple individuals who made up the FS
project team. Multiple scoring was done so as to reduce the influence of personal bias in the
final results. The individual scores were then averaged to form an initial composite
alternative ranking score. Following this initial scoring step, discussions among project team
members were held to resolve discrepancies between individuals. For example, should one
team member have scored an alternative as a "5" and another team member scored the same
alternative as a "1", a discussion ensued to resolve the difference of opinion. Following
these discussions, each individual was given the opportunity to change his/her score(s),
although changing of a score was not mandatory. The scores were then composited and
averaged to arrive at final rankings which could then be compared.

To aid in defending the alternative evaluation scoring, each team member was asked to
document the rationale for his/her scoring, providing both the pros and cons of each
alternative and any additional comments as relating to the criteria. These comments were
then composited and formed the basis for the evaluation of each alternative, the results of
which are summarized for each alternative in the sections below immediately following the
description for that alternative.
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Section 5.3.5 provides an overall summary of the alternatives evaluation and screening
process.

5.3.2 Solid Waste Alternatives

5.3.2.1 Alternative SW-I: No Action for Solid Waste

5.3.2.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be applied to sites where contamination does not exceed the level
of unacceptable risk and/or is in compliance with ARARs. This alternative represents a
situation where no restrictions, controls, or active remedial measures are applied to the site
and thus the contamination is allowed to dissipate through natural attenuation processes. The
acceptability of this alternative would depend on a risk assessment.

5.3.2.1.2 Evaluation. This alternative involves no monitoring and no controls. In
effect, the Hanford 100 Area would be administratively transferred for general or industrial
use. This alternative must be evaluated from the risk assessment standpoint prior to
incorporation.

Short-term effects are scored considering potential exposures to the populace and worker
exposure. Since there would be no worker exposure, and the solid waste sites represent only
a moderate exposure problem in the undisturbed state, short-term effects are given an
intermediate score. Risk assessment results would make scoring much more meaningful. In
the absence of risk assessment, it must be assumed that the long-term effects are very poor
and the constituents are released into the environment. This alternative provides no benefits
to reducing waste mobility.

The obvious factors related to construction and reliability are all given high scores,
reflecting the availability and reliability of the equipment required for no action. Similarly,
the alternative was given a high score for cost because there is essentially no cost associated
with this alternative.

This alternative was given low scores for agency approval because the RAOs would not
likely be met.

5.3.2.2 Alternative SW-2: Institutional Actions for Solid Waste

5.3.2.2.1 Description. This alternative involves access restriction to areas within the
Hanford 100 Area which contain contaminated solid waste. Volume, toxicity, and mobility
of contaminants associated with solid wastes are not reduced by institutional actions.
However, access restriction to solid waste sites such as burial grounds or retention basis does
reduce the potential for human exposure. Two types of institutional actions are considered
for this alternative as follows:
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" Access restriction to solid waste sites may be accomplished by erecting fences around
the Hanford 100 Area. Multiple fences could be placed around individual sites for
additional security. Fences ensure that sufficient distance exists between waste sites
and potential receptors to ensure that RAOs are satisfied. The height of the fences
must be high enough to prevent larger animals such as deer from entering
contaminated zones. Fences should be constructed of materials which are least
susceptible to corrosion and degradation due to weathering. As an additional measure
of protection, fences should include symbolic placarding which indicates potential
hazards associated with the location. Periodic inspection and repair would be
required to maintain the integrity of fences.

" Deed restrictions would be used to institute restrictions to land use in and around
solid waste sites. Restrictions specify acceptable land use practices and may take the
form of covenants which limit activities involving human contact with solid waste
sites. Deed restrictions may include prohibition of groundwater use, excavation, and
land-use limitations restricting farming and grazing.

In addition to the institutional restrictions, this alternative also includes continuation of
monitoring and surveillance programs to track the migration of contamination.

5.3.2.2.2 Evaluation. This alternative involves the use of institutional controls over
solid waste in perpetuity. The associated monitoring systems are assumed to be necessary
for the same time period. Again, assumptions were made concerning the actual health
effects of this alternative in the absence of a risk assessment which would assign the effects.

The short-term effects are assumed to be acceptable, based on monitoring, and no
worker exposure is associated with retrieval. Therefore, an intermediate score is assigned.
Long-term effects are again assumed to be undesirable and are scored low.

Constructability, reliability, availability of services, and special equipment all get high
scores because fencing, monitoring and legal instruments are all readily available.

A medium score was assigned for maintenance because of the need for perpetual care.
The low cost of the institutional actions results in a high score for cost on this alternative. A
low score was given for agency approval because it is unlikely that RAOs can be met with
institutional actions.

5.3.2.3 Alternative SW-3: Containment Actions for Solid Waste

5.3.2.3.1 Description. A single alternative has been developed for containment of
solid waste.

* Run-On/Run-Off Control:
- Grading
- Diversion/Collection

5-6



DOE\RL-92-11
Draft A

- Revegetation

" Capping:
- Hanford Barriers (radioactive buried waste sites)
- RCRA Multi-media Caps (hazardous-only buried waste sites)

" Monitoring: 100 Area groundwater.

Size and Configuration. This containment action is intended to take advantage of low-
cost surface modifications to protect the integrity of solid wastes buried below ground
surface. The Hanford Barrier would be installed over buried wastes to prevent erosion,
breaching by burrowing animals, and contact with precipitation. Other areas of the site
would be contoured (by grading) to aid in channeling precipitation away from the wastes,
thus ensuring adequate protection from erosion. Diversion and collection would also be used
to prevent runoff from ponding over the solid wastes thereby reducing the potential for
mobilization of contaminants by leaching. Native species vegetation would be planted over
capped areas and adjacent areas of disturbed soil for erosion control.

Contaimnent Objective. The objective of solid waste containment is to minimize
mobilization of contaminants by erosion or leaching.

Disposal Method and Distance. Containment implies in situ disposal which avoids the
need for disposal facilities. Solid wastes and associated contamination are isolated in situ
without waste treatment.

5.3.2.3.2 Evaluation. The Hanford Barrier is considered to be well developed and
effective, although it has not yet been employed in a full scale application. Because there are
no long-term performance data available, uncertainty remains over the potential for failure
from waste subsidence since this alternative makes no provisions to stabilize wastes. The
potential for subsidence will necessitate perpetual care of a very large number of sites if the
alternative is to remain effective.

RCRA caps are effective and have been applied at many hazardous waste sites
nationwide, although numerous cap Mailures have occurred.

Short-term effects were scored slightly lower than for Alternatives SW-1 and SW-2 due
to the need to work directly over the waste while installing the cap. The short-term
environmental effects are worse due to disturbances associated with grading for run-on/run-
off control. The long-term effects are given low to medium scores because the waste has not
been modified or immobilized and the potential for contaminant mobilization effects remains.
The alternative is superior to Alternative SW-I or SW-2 because the Hanford Barrier and/or
RCRA cap will inhibit leaching and intrusion.

Constructability was given high scores, reflecting the simplicity of the alternative.
Similarly, services and equipment are readily available. This alternative was downgraded on

5-7



DOE\RL-92-11
Draft A

maintenance due to the potential problem of subsidence and the associated need for perpetual
care.

Medium to high scores were given to cost, reflecting a low capital cost and potentially
high costs of perpetual care.

Low scores were assigned to agency approvals because the contaminants would not be
immobilized and a multiplicity of sites exists.

5.3.2.4 Alternatives SW-4, SW-5, and SW-6: Removal and Disposal Alternatives for
Solid Waste

5.3.2.4.1 Descriptions. Three alternatives have been developed for the removal and
disposal general response action for solid waste.

Alternative SW-4:

" Removal: Excavation/demolition

" On-Site Disposal:

- Vaults (high-activity radioactive and mixed waste)
(high-activity waste = greater than 100 nCi TRU/gm or 200 mrem/hr; see Section
4.4)

- Trenches/pits (hazardous-only, low-activity radioactive and mixed waste)
(low-activity waste = less than 100 nCi TRU/gm or 200 mrem/hr; see Section 4.4)

" Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)

Alternatives SW-5 and SW-6 are variations of Alternative SW-4 and differ only by the
method of disposal.

Alternative SW-5:

" Removal: Excavation/demolition

* Off-Site Disposal:
- DOE facilities (all radioactive mixed)
- RCRA landfills (hazardous-only materials).
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Alternative SW-6:

" Removal: Excavation/demolition

" On-Site Disposal:
- Vaults (high activity radioactive and mixed)
- RCRA Landfills (hazardous and low-activity radioactive wastes)

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)

Size and Configuration. The 100 Area Past Practice Site Cleanup and Restoration
Conceptual Study (WHC 1991e, Appendix A.4.0) presented an estimate of approximately 46
million loose (expanded after excavation) cubic feet (LCF) of buried waste in the 100 Area
past practice sites. The referenced report also provided estimates on the distribution of
wastes as follows:

" Forty percent of the buried waste consists of combustible materials such as wood,
paper, rubber, and plastic.

" The remaining buried waste consists of 60 percent buried metal and 40 percent buried
demolition wastes.

" In addition to buried waste, the study estimated that approximately 46 million LCF of
discrete metal (e.g., from existing equipment, pipelines, reactor components)

" Approximately 57 million LCF of demolition wastes (from the demolition of existing
structures consisting primarily of concrete rubble) in other than burial grounds.

Table 1-7 and Section 1.0 of this FS report provide more detailed information on solid
waste forms and contaminants. A total of approximately 150 million LCF (See Table 5-1
below) would require removal from the combined 100 Area past practice sites.

The excavation and demolition system consists of heavy equipment, such as front-end
loaders, excavators, and bulldozers. Approximately 2,500 loose cubic feet per hour (refer to
Table 5-3 of the Flow Rate and Composition section below for a derivation of this value)
must be excavated/demolished beginning in the year 1999 to complete remediation by the
year 2018, the TPA Milestone for completion of site remediation. Conceptual details of this
system are given in the 100 Area Past Practice Site Cleanup and Restoration Conceptual
Study (WHC 1991e).

The disposal systems defined for Alternatives SW-4, SW-5, and SW-6 provide the
opportunity to examine and compare the use of both on-site and off-site disposal strategies.
Major unit operations and the objectives of their use for each alternative are discussed below:
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Table 5-1
Solid Waste Inventory

Reference: 100 Area Past Practice Site Cleanup and Restoration Conceptual
1991e)

Study (WHC

Alternatives SW-4, SW-5, and SW-6 Removal:

The objectives of Alternatives SW-4, SW-5, and SW-6 are common, i.e., removal of solid
waste by excavation and demolition followed by disposal.

Commercially available, large scale mining/construction equipment would be used to
excavate solid waste and demolish structures (for ease of handling, packaging and
transporting). The solid waste and demolition debris would be sorted by activity level
and packaged in bulk containers for transport to the disposal site. Size of waste
forms would be reduced only to the extent necessary to fit bulk containers. Large
diameter pipe would not be containerized but would be cut, wrapped, and transported
on racks. Dust control measures including containment structures, if necessary,
would be provided to assure worker and environmental protection during remediation.

Alternative SW-4 Disposal:

" On-site vaults located at the Hanford 200 Area are defined for disposal of high-
activity radioactive and mixed wastes. Low-activity radioactive and mixed wastes
would be placed in disposal trenches or pits at the 200 Area.

" The Hanford Barrier would be used for final capping of the 200 Area radioactive (and
mixed) waste disposal sites. The RCRA multi-media cap would be used to close the
200 Area sites containing only hazardous wastes.

5-10

Component Volume

I I - (in Loose Cubic Feet)

Buried waste:
Combustible material 18,512,000
Metal 16,661,000
Demolition waste 11,107,000

Total 46,281,000

Discrete metal 46,281,000

Demolition waste 56,962,000

Solid waste, total 149,524,000
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Alternative SW-5 Disposal:

* Off-site disposal is specified for all wastes. High and low activity radioactive and
mixed wastes would be sent to disposal sites at other DOE facilities. Hazardous
waste would be shipped to RCRA landfills, in accordance with current practice. A
facility located in Arlington, Oregon, is currently used for this purpose, since no
active RCRA landfills are currently operating in the State of Washington.

Alternative SW-6 Disposal:

* On-site vaults located at the Hanford 200 Area are specified for disposal of high-
activity radioactive and mixed wastes. All other wastes would be shipped to new
on-site RCRA permitted landfills for disposal.

* The Hanford Barrier and the RCRA multi-media cap would be used as necessary for
capping the 200 Area disposal sites.

Flow Rates and Composition. Solid waste consists of combustibles, metal, and
demolition debris contaminated primarily with low to moderate levels of radionuclides.
Table 5-2 lists total volumes of solid wastes that would require excavation/demolition.
Composition data are provided in Section 1.0. An excavation/demolition rate of
approximately 2,500 LCF per hour must be achieved in order to meet the TPA milestones,
assuming a 20 year remediation period. This cumulative flow rate consists of the
components listed in Table 5-3.

Table 5-2
Solid Waste Volume By Component"

Component IVolume
(Loose Cubic Feet)

Combustibles 18,512,000

Metal 62,942,000

Demolition waste 68,069,000

' Adapted from Table 5-1.

Disposal Distances and Methods. The proposed disposal methods for these alternatives
include both on-site and off-site disposal options. Vaults and trenches/pits are proposed for
use at the Hanford 200 Area. The Hanford Barrier and RCRA multi-media cap are specified
for use, where appropriate, to cap these disposal sites. One RCRA landfill in the State of
Oregon is currently being used for disposal of Hanford Site hazardous wastes. The Nevada
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Table 5-3
Solid Waste Removal Rate by Component'

Component Rateb,
Loose Cubic Feet Per Hour

Buried waste:
Combustible material 309
Metal 277
Demolition waste 185

Total 771

Discrete metal 771

Demolition waste 949

Total 2491

* Adapted from 100 Area Past Practice Site Cleanup and Restoration Conceptual Study
(WHC 1991e).
b Assumes a 20-year remediation period ending 2018 (TPA milestone).

Test Site (NTS), which is approximately 1,000 highway miles away from the Hanford Site,
is one potential location for a mixed waste disposal facility.

5.3.2.4.2 Evaluation. Alternatives SW-4, SW-5, and SW-6 all involve excavation of
buried wastes, demolition of structures, and removal of the waste. No waste treatment is
specified. In general, reduction in the number of disposal sites is advantageous. However,
the waste remains untreated so these alternatives are less desirable than alternatives involving
waste treatment.

The short-term effects are given medium scores reflecting significant exposures to
operations personnel during excavation, demolition, and removal. The long-term effects are
definite improvements over Alternative SW-3 due to the greatly improved disposition of
buried wastes. Subsidence of the waste is not expected to be a problem for these
alternatives.

Although the cap provides some improvement, the waste is not modified in form.
Therefore the reduction of mobility factor was scored in the low to medium range.

The Alternative SW-4 system is relatively easy to construct using available equipment;
availability of services and specialized equipment factors were generally scored high.
Constructability was scored somewhat lower due to the large volumes to be moved
and the problems of excavation in a radioactive environment. Reliability was downgraded
for the same reasons. However, the alternative requires no long-term maintenance, so it
scored in the medium to high range for this factor.
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Alternative SW-4 is better than Alternative SW-3 for agency approval and was given
medium scores. However, all waste remains on-site and untreated (potentially not in
compliance with the RCRA Land Disposal Restrictions) so public and agency acceptance
could be limited.

In Alternative SW-5, the excavation, demolition, and removal phases present similar
hazards to workers as the previous alternative. However, transport of large waste volumes
off-site would have a substantial impact on safety. Acceptance of an off-site disposal site by
the public is an additional concern.

This alternative is the least desirable for short-term effects and is scored substantially
below Alternative SW-4. Waste is retrieved and shipped the greatest distance. The
alternative also assumes that an identified disposal site would have favorable geology and that
the long-term effects would be acceptable at that location. An intermediate score was
assigned to reduction in mobility because the waste is merely removed with no change in the
waste form.

Constructability, operational reliability, and maintenance were scored similar to
Alternative SW-4, with a minor reduction for the transportation factor. The unlikelihood of
identifying an off-site disposal facility resulted in low scores for availability of services.
Specialized equipment was given a medium score because of the problems of transporting the
large volume of material.

Agency approval was scored low because of public resistance expected at potential
disposal sites and along the transport routes. The low score for cost reflects the high cost of
transport to a remote location.

Alternative SW-6 is essentially the same as Alternative SW-4, modified with RCRA
landfills for the low activity waste. Most of the scoring is very similar to Alternative SW-4.
Problems associated with the limited lifetime of the RCRA liners cause some scoring
differences from Alternative SW-4.

The liner is expected to improve the reduction in mobility factor over that of Alternative
SW-4 so some improvement was noted there. The maintenance factor was lower due to the
potential for routine maintenance on the liner. The cost factor is lower for this reason and
for the increased transportation risk.

5.3.2.5 Alternatives SW-7 and SW-8: In situ Treatment for Solid Waste

5.3.2.5.1 Description. Two alternatives have been developed for the in situ treatment
general response action for solid waste.

Alternative SW-7:

Physical Treatment: Dynamic Compaction
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" Stabilization/Solidification: Vibration Aided Grout Injection

" Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous waste disposal sites)

" Monitoring: 100 Area groundwater.

Alternative SW-8 is a variation of Alternative SW-7, where dynamic compaction is not
used:

Alternative SW-8:

" Stabilization/Solidification: Vibration Aided Grout Injection

* Capping:
- Hanford Barriers (radioactive waste disposal sites) -
- RCRA Multi-media Caps (hazardous waste disposal sites)

* Monitoring: 100 Area groundwater.

Size and Configuration. Refer to Section 5.3.2.4.1 for a discussion of the solid waste
volumes and components. Figure 5-4 provides a conceptualization of the operations required
for Alternative SW-7.

Alternatives SW-7 and SW-8 Unit Operations.

" The initial operation for Alternative SW-7 involves solid waste site stabilization by
dynamically compacting the soils (above buried waste) and the solid wastes. This
operation reduces bulk waste volume and reduces permeability relative to the
surrounding soil. Dynamic compaction is accomplished by repeated lifting and
dropping of a large weight, via a crane, onto the soil above a buried waste site.

* The second operation for Alternative SW-7 (and the initial operation for
Alternative SW-8) is vibration aided grout injection. I-beams are driven through the
soil around the perimeter of the site. A pipe running the length of the I-beam is used
to transport grout to an injection nozzle. Grout is injected while simultaneously
extracting and vibrating the I-beam. Grout is thus forced into the solid waste void
spaces and cavities, where it solidifies and encapsulates contaminants into a
monolithic concrete block.

" The final operation for both Alternative SW-7 and Alternative SW-8 is site closure by
installation of either the Hanford Barrier or the RCRA multi-media cap depending
upon the type of waste. The Hanford Barrier consists of a series of layers of natural
material that act synergistically to seal the site. The initial layer consists of large
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rocks and boulders (rip-rap). Layers of coarse stone, sand, and soil are then added in
progression to form a mounded cap. Native vegetation is then planted on the cap to
control erosion and to control infiltration of moisture through evapotranspiration. The
RCRA cap is similar to the Hanford Barrier in that the design relies on multiple
layers to prevent water infiltration.

* Not all solid wastes in the 100 Area are directly amenable to the in situ treatment
methods proposed in these alternatives. Pipelines and structures, for example, would
not be dynamically compacted, and it is not conceivable that pipelines would be
capped in-place with the Hanford Barrier. Some limited demolition of above ground
structures and pipeline systems would be required for such structures.

Composition. Treatment is in situ, therefore, flow rates for waste treatment are not
applicable. The in situ treatment rate, however, must be specified to complete activities by
2018. The total buried waste inventory which is subject to remediation by Alternatives SW-7
and SW-8, as shown in Table 5-2, is approximately 46 million LCF. The quantity of non-
buried waste (e.g., pipelines and structures) amounts to about 104 million LCF; such would
require some demolition prior to application of in situ stabilization methods. No assumption
is made as to the amount of surrounding media, which would also be stabilized and solidified
as part of this action.

Disposal Distances and Methods. The disposal method for both Alternatives SW-7 and
SW-8 is in situ. Solid wastes are encapsulated in grout, and the environment is further
protected from exposure by either the Hanford Barrier or RCRA multi-media cap. Limited
demolition and excavation is required by necessity to prepare some solid wastes for
stabilization and solidification. Such waste could be moved to another location at the
Hanford Site, or buried at new locations within the 100 Area adjacent to the waste sites.
Sites stabilized in accordance with Alternatives SW-7 and SW-8 also offer the added benefit
of protection from long-term subsidence. This would ensure the long-term effectiveness- of
the Hanford Barrier or RCRA cap by preventing ponding of precipitation which could
potentially mobilize contaminants by leaching.

5.3.2.5.2 Evaluation. The dynamic compaction step of Alternative SW-7 is intended
to reduce the potential for subsidence and the subsequent impact on the Hanford Barrier or
RCRA multi-media cap. Grout injection fills voids in the waste, again reducing the
possibility of subsidence. Both compaction and grouting are assumed to be imperfect, but
would still be an improvement over Alternative SW-3. The disadvantage of the large number
of sites which must be treated remains.

Short-term effects are relatively good and scored medium to high because the exposure
to workers is limited during operation on the unexcavated solid waste. Short-term protection
of the environment is better than Alternative SW-3 primarily because extensive run-on
control is not required. Long-term effects were judged to be medium because, although the
waste is protected, it has not changed form. The compaction and grouting were judged to
reduced mobility and scored higher than Alternative SW-3, which only involved capping.
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The combination of the capping and grout injection was given a medium score for
reduction in mobility, a significant improvement over Alternative SW-3 which uses only the
barrier.

The constructability scored lower than Alternative SW-3 due to the anticipated problems
and specialized nature of the grout injection. Similarly, scores for operational reliability,
services, and specialized equipment are reduced from the scores of Alternative SW-3.

Agency acceptability was scored slightly higher than for Alternative SW-3, but the large
number of waste sites and the minimal change in waste form keep the score at medium.
Although the caps are not expected to require routine maintenance in this application, the
expense of the compaction and grouting services are expected to keep costs high, resulting in
an overall assessment of a medium score.

Since the value of the compaction step was judged to be limited, most Alternative SW-8
scores were very similar to those of Alternative SW-7. Limited credit was taken for the
value of the grout which changed the scores only minor amounts.

5.3.2.6 Alternatives SW-9 and SW-10: Removal, Treatment, and Disposal Alternatives
for Solid Waste

5.3.2.6.1 Descriptions. Two alternatives have been developed for this general
response action.

Alternative SW-9:

" Removal: Excavation and Demolition

" Thermal Treatment:
- Thermal desorption (treatment for hazardous organically cootaminated wastes only;

this unit operation might require a shredder for feed preparation)

" Physical Treatment:
- Size reduction by compaction (non-organically contaminated combustibles and other

compactible materials only)

" Stabilization/Solidification:
- Cement-based (non-organically contaminated non-compactible materials and thermal

desorber residues only)

" On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)
- Trenches/pits (low-activity radioactive and mixed waste)
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* Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites)

Alternative SW-10:

" Removal: Excavation and Demolition

" Thermal Treatment:
- Incineration (treatment for hazardous organically contaminated materials and

combustible wastes. This unit operation requires a shredder for feed preparation)

" Stabilization/Solidification:
- Bitumen-based (inert materials and ash only - no hazardous organically contaminated

materials)

" On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)-
- Trenches/pits (low-activity radioactive and mixed waste)

" Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites)

Size and Configuration. Size and configuration are the same as discussed in Section
5.3.2.4.1 for Alternatives SW-4, SW-5, and SW-6. Alternatives SW-9 and SW-10 require
remediation facilities capable of treating approximately 2,500 loose cubic feet per hour (on
average) of solid wastes contaminated with radionuclides, heavy metals, and potentially
organic contaminants. Process flow diagrams for the remediation processes of Alternatives
SW-9 and SW-10 are presented in Figures 5-5 and 5-6. Major unit operations for each
alternative are discussed below.

Alternative SW-9 Unit Operations. Figure 5-5 is a conceptual process flow diagram
representing the removal, treatment, and disposal unit operations of Alternative SW-9. A
description of each unit operation and its function is presented below.

" The excavation/demolition system proposed for removal of solid waste is common to
both Alternatives SW-9 and SW-10 and is basically the same as described for
Alternatives SW-4, SW-5, and SW-6. Refer to Section 5.3.2.4.1 for the description.

" The initial unit operation for volume reduction of combustible waste and
miscellaneous material with large amounts of void volume such as pipe is
supercompaction. Packaged waste (from excavation/demolition operations) of a
composition amenable to supercompaction would be processed in this step; all other
heterogeneous waste mixes would be processed by stabilization/solidification, as
described below.
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" Organically contaminated solid wastes would be treated in a two-stage thermal
desorber. The initial stage consists of an externally fired chamber in which organic
compounds are vaporized. The vapors are then oxidized in a secondary combustion
chamber, and off-gases are scrubbed to remove acid gases such as HC, and vented to
the atmosphere. Residues generated from the off-gas treatment process would be
prepared for disposal by stabilization and solidification. The thermal desorber would
also be designed to accept liquid wastes by injection into the secondary combustion
chamber as a contingency should drums of organic liquids such as paints and solvents
be encountered.

" Residues from the thermal desorption process and all other solid wastes including off-
gas treatment residues would then be stabilized for disposal by solidification in a
cement-based matrix. The stabilization and solidification process might be
accomplished, for example, in a batch-operated mixer, which discharges a mixture of
waste components and grout (consisting of cement and additives as appropriate) into
disposal containers.

" The previous unit operations result in compacted and solidified forms of treated waste
requiring disposal. On-site vaults located at the Hanford 200 Area would be used for
disposal of high-activity radioactive and mixed wastes. Low-activity radioactive and
mixed wastes would be placed in trenches or pits which would also be located in the
200 Area.

" The Hanford Barrier would be used as required for closure of disposal sites.

Alternative SW-10 Unit Operations. Figure 5-6 provides a conceptual process flow
diagram of the removal, treatment, and disposal unit operations of Alternative SW-10. A
description of unit operations and their functions which are unique to this remediation
concept are presented below:

* The incineration unit operation of Alternative SW-10 replaces both the
supercompaction and thermal desorption unit operations of Alternative SW-9.
Combustibles, organically contaminated solids, and drummed liquid wastes would be
incinerated in a two-stage rotary kiln. The feed material must be prepared by size
reduction in a shredder prior to combustion. The initial stage of the rotary kiln may
be operated in either an oxygen rich or oxygen deficient atmosphere. The secondary
combustion chamber operates oxygen rich to complete the oxidation of kiln gases and
may be equipped with liquid-feed spray nozzles for liquid wastes. Residues generated
from the off-gas treatment process would be prepared for disposal by stabilization and
solidification. The rotary kiln was selected at this level of definition because it is the
most flexible design for heterogenous solid waste forms. Waste characterization may
result in design requirements for an incineration system consisting of more than one
incineration device that is designed to thermally treat different types of waste forms.
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" Incineration residues and all other solid wastes (including off-gas treatment residues)
would then be stabilized for disposal by solidification in a bitumen-based matrix. The
stabilization and solidification process may be accomplished in a batch-operated mixer
that discharges a mixture of waste components and heated bitumen into disposal
containers.

" Alternative SW-10 treatment operations result in a bitumen-encapsulated waste form
requiring disposal. On-site vaults located at the Hanford 200 Area are specified for
disposal of high-activity radioactive and mixed wastes. Low-activity radioactive and
mixed wastes would be placed in 200 Area trenches or pits.

* The Hanford Barrier would be used for closure of disposal sites.

Flow Rates and Composition. See the discussion given for Alternatives SW-4, SW-5,
and SW-6.

Disposal Distances and Methods. The disposal method for both alternatives is on-site
disposal at the Hanford 200 Area. Wastes that must be sent to the Hanford 200 Area result
from solidification of solid wastes and thermal treatment residues. The disposal method
selected for stabilized and solidified waste forms is dependent on the activity of the waste;
vaults are used for high-activity radioactive and mixed waste, and trenches/pits are used for
low-activity radioactive and mixed waste. The Hanford Barrier is specified for use, where
appropriate, to seal disposal sites.

5.3.2.6.2 Evaluation. Alternative SW-9 is one of the alternatives providing waste
form modification. Although this alternative results in a much improved waste form, the
scale of required operations is large and costs will be high.

The short-term effects require demolition and retrieval followed by extensive treatment,
so these scores are low to medium. However, the short-term effects are still judged to be
better than for Alternative SW-5, which called for off-site shipment. Long-term effects and
reduction in waste mobility factors are given high scores.

Constructability, reliability, availability of services, and specialized equipment all rated
average scores, reflecting the complexity and special nature of the large-scale processing
equipment.

Maintenance needs were scored in the average range for this alternative due to the stage
of development for process options in this application.

The cost of processing will be very high and is reflected in low scores.

Alternative SW-10 differs from Alternative SW-9 in that combustible and organically
contaminated wastes are incinerated, and residues are stabilized in bitumen instead of
cement. Incineration leads to a more stable waste form than Alternative SW-9, but the

5-19



DOE\RL-92-11
Draft A

regulatory approvals are expected to be more difficult. Bitumen is assumed to be a stable
waste form.

In general, the scores were very similar to those of Alternative SW-9, except for agency
approval. The incinerator was thought to be more difficult to permit than the thermal
desorber of Alternative SW-9.

5.3.3 Groundwater Alternatives

5.3.3.1 Alternative GW-1: No Action for Groundwater

5.3.3.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be applied to sites where contamination does not exceed the level
of unacceptable risk and/or is in compliance with ARARs. This alternative represents a
situation where no restrictions, controls, or active remedial measures are applied to the site
and thus the contamination is allowed to dissipate through natural attenuation processes. The
acceptability of this alternative would depend on a risk assessment.

5.3.3.1.2 Evaluation. This alternative involves no monitoring and no controls and is
evaluated as a requirement of the NCP for the feasibility study process. As in the case of
Alternative SW-1, a risk assessment would make the evaluation of such an alternative more
quantitative.

Short-term effects are scored in the low to medium range since there would be no
worker exposure, and the groundwater is not readily accessible in the undisturbed state. In
the absence of a risk assessment, the long-term effects are assumed to be very poor and the
release of contaminants to the environment are presumed to continue. This alternative
provides no benefits to reduction of contaminant mobility.

The three factors related to construction and reliability are all given high scores because
no equipment of any sort is required. Similarly, the alternative was given a high score for
cost because, essentially no costs are associated with this alternative.

This alternative was given low scores for agency approval; the alternative is unlikely to
actually meet the RAOs.

5.3.3.2 Alternative GW-2: Institutional Actions for Groundwater

5.3.3.2.1 Description. The institutional action alternative (designated Alternative GW-
2) for groundwater involves restricting access to contaminated sites within the Hanford 100
Area, but restrictions are unique to the media. Types of restrictions are defined as follows:

* Water-rights restrictions limit access to contaminated groundwater. The water-rights
restrictions could be imposed by deed restrictions, as discussed below, or by
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designated use should the title to the 100 Area remain with the federal government.
Water-rights restrictions merely designate to what degree (if at all) 100 Area
groundwater could be used for irrigation, drinking water, or for industrial activities.
This action may require an additional change in water-rights administrators to make it
effective. At this time no water-right is necessary if consumptive use is less than
5000 gpd.

" Deed restrictions are used to institute restrictions to groundwater use. Restrictions
specify acceptable groundwater uses and may take the form of covenants that limit
activities resulting in human contact. Deed restrictions may include prohibition of
groundwater use and limitations to farming, grazing, and industrial activity.

" Water taken from the Columbia River or from wells in unaffected areas would be
used to replace groundwater for industrial, domestic, and agricultural purposes.

In addition to restricting groundwater use and access to groundwater, the institutional-
action alternative also includes groundwater and environmental monitoring.

5.3.3.2.2 Evaluation. Institutional controls and the use of an alternative water supply
provide an improvement over the no action alternative. Continued monitoring is assumed
and would probably be required in perpetuity.

The short-term effects are assumed to be acceptable based on the monitoring, and no
worker exposure is associated with groundwater retrieval. Therefore, an intermediate to high
score is assigned. Long-term effects, such as release of the contaminants to the river, result
in low scores. Since no reduction in mobility is achieved with this alternative, a score of "1"
was given by all project team members.

Constructability, maintainability, availability of services, and special equipment were all
given high scores because the replacement water supplies and legal instruments necessary for
this alternative are all readily available. Medium to high scores were assigned for
maintenance because of the need for perpetual care. This alternative was given low to
medium scores for agency approvals due to the potential for not meeting RAOs. The
monitoring and institutional controls, however, are considered an improvement over no
action.

A high score was given for cost due to the low costs associated with implementation of
the institutional controls.

5.3.3.3 Alternative GW-3: Containment Actions for Groundwater

5.3.3.3.1 Description. A single alternative has been developed for containment of
contaminated groundwater.
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Alternative GW-3:

" Vertical barrier: Slurry walls
" Hydraulic control: Extraction wells (also used for injection purposes).
" Monitoring: 100 Area groundwater.

Size and Configuration. The containment response action could be implemented in a
number of different ways. Vertical barriers could be built around the perimeters of known
plumes or around specific groundwater operable units. Similarly, the extraction/injection
well hydraulic control system could be designed only to prevent influx to operable units or to
prevent influx to the entire site. Modeling and economics analysis would be required to
determine optimum containment characteristics such as slurry wall location and the number
and location of extraction/injection wells. It is assumed for the purposes of this feasibility
study that the containment alternative is implemented as follows: slurry walls would be built
to prevent migration of contaminant plumes to the depth of a confining member, such as
basalt or clay; groundwater extraction wells would be placed to intercept clean groundwater
upgradient from contaminant plumes. The clean groundwater would be reinjected in a
suitable location, preventing contact with contaminated groundwater. Slurry walls would be
constructed of the most durable material possible in order to retain long-term effectiveness.
A cement-based slurry would form a low-strength concrete barrier when combined with the
cobbles and gravel present in 100 Area soils, which would exhibit better long-term
performance than a clay-based slurry. The depth of slurry walls would vary; for example,
Figure 1-4 (in Section 1.0) indicates that at the 100-B/C Area, depth to the upper aquitard
blue-clay layer (part of the Ringold Formation) is approximately 160 feet. The concept of
Alternative GW-3 is presented graphically in Figure 5-7.

Containment Objective. The objective of containment is to prevent migration of
contaminated groundwater to environmental resources, such as the Columbia River and to
uncontaminated aquifers: Thus the intent is to prevent introduction of contaminants to
sources of drinking (or irrigation) water. Groundwater would be isolated by extraction of
clean groundwater upgradient of contaminated plumes and reinjected elsewhere.

Disposal Distances and Location. Waste disposal is not applicable to Alternative GW-
3. Hydraulic control (extraction) wells would remove uncontaminated groundwater from
around the perimeter of the contaminant plumes. This water would be utilized in
downgradient hydraulic control (injection) wells. While utilization of hydraulic control wells
would require management of the extracted water, injection of this water does not constitute
disposal of removed contamination.

5.3.3.3.2 Evaluation. Construction of slurry walls to depth and hydraulic controls
have been demonstrated, but the depth and overall dimensions of slurry walls required at the
Hanford 100 Area are unusual. A large volume of clean groundwater would be required for
hydraulic control.
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The moderate score for short-term protection reflects the general inaccessibility of the
groundwater. Long-term effects are only slightly lower due to the uncertainty of the actual
risks involved when the groundwater reaches the river in dilute state. The low to medium
score for reduction of mobility is an indication of the uncertainty of the actual effectiveness
of the alternative.

The alternative was also given relatively low scores for constructability and
maintainability due to the problems associated with installation and maintenance of the deep
slurry walls. The services and specialized personnel factors were scored somewhat higher,
indicating a belief that the technology is available. The alternative was given a low score for
maintenance because maintenance of the slurry walls and pumping system would be required
in perpetuity.

A medium to low score for agency approval reflects a poor probability that regulatory
agencies would approve an alternative requiring perpetual care. Similarly, the cost of
perpetual care resulted in the assignment of low to medium scores for the cost factor.

5.3.3.4 Alternative GW-4: In Situ Treatment for Groundwater

5.3.3.4.1 Description. A single alternative has been developed for the general
response action of in situ treatment of groundwater.

Alternative GW-4:

* Biological Treatment: Biodenitrification (nitrates)

" Physical Treatment: Air stripping (followed by venting of organics to the
atmosphere).

* Monitoring: 100 Area groundwater.

Figure 5-8 conceptualizes the in situ treatment processes of Alternative GW-4.

Size and Configuration. Alternative GW-4 is specified to treat nitrate plumes, isolated
areas of organic contamination, and dissolved heavy metals/radionulcides in situ. The
Hanford Ground Water Cleanup and Restoration Conceptual Study (WHC 1991d) indicates
that nitrate plumes of significant size are present at each of the reactor sites (WHC 1991d,
Appendix A, Figures A-6 through A- 11). Maximum concentration of nitrates ranges from
48,400 pAg/L at the B/C Area up to 524,000 gg/L at the H Area (refer to Table 1-17 in
Section 1.0 of this report). Also refer to Tables 1-16 and 1-17 for information on heavy
metals and radionuclides.

The location of organic contamination in 100 Area groundwater is not as well defined as
nitrate. Information presented in Table 1-18 indicates the presence of some halogenated
compounds in groundwater at both the H and N Areas. In addition to the halogenated
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compounds, the N Area groundwater also contains Arochlor 1016, Arochlor 1221, and
benzene in concentrations greater than drinking water standards (Table 1-19).

Alternative GW-4 Unit Operations. The treatment objectives of Alternative GW-4
include in situ remediation of nitrates and VOCs. Process operations required for
remediation are described below. Note that air stripping is not effective in stripping
Arochlors from groundwater.

" Nitric acid has been used extensively for decontamination of reactor components. In
situ biodenitrification would reduce nitrates to elemental nitrogen (which would then
be released from groundwater for venting to the atmosphere). The denitrification
process takes place according to the following simplified reaction:

Btnial Meabolle P&cm

No;1  
-N2

Nutrients and bacteria culture must be injected into the nitrate contaminated aquifer.
The bacterial life cycle metabolic processes require oxygen which is stripped from
nitrate.

" Air stripping followed by venting of VOCs to the atmosphere is proposed for removal
of organic contamination. Wells (trenches would also be appropriate) would be
constructed in contaminated areas such as at the H and N Areas. Air would be
bubbled through the groundwater, and VOCs would.be subsequently stripped from the
aqueous phase into the gas phase.

Flow Rates and Composition. Contamination is treated in place for Alternative
GW-4. Nitrogen resulting from biodenitrification and hydrocarbon contaminants mobilized
by air stripping would be vented to the atmosphere. If ARARs prohibit venting to the
atmosphere, other process options such as vacuum extraction would be required.
Engineering and treatability studies would be required to determine well (or trench) locations
and quantity, injection rate of air, and effectiveness in removing VOCs. Similarly, injection
rate, type of nutrients, bacteria culture, and location of injection wells must be determined by
groundwater modeling and treatability studies for biodenitrification. Development work for
in situ chemical precipitation is needed to determine the most appropriate reagents and the
means of assuring adequate mixing of the reagent(s) with the groundwater.

Disposal Distances and Methods. In situ processes do not require waste disposal.

5.3.3.4.2 Evaluation. Alternative GW-4 provides nitrate and VOC stripping but does
not remediate metals or radionuclides. Although the in situ alternative has some favorable
features, the partial treatment makes it an incomplete solution. A
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Medium effectiveness scores were given for both long- and short-term effectiveness.
Venting of VOCs to the atmosphere was considered a negative factors keeping the short-term
effectiveness scores from being higher. Similarly, long-term effectiveness and reduction of
mobility factors were only given medium scores because of the limited applicability of the
alternative.

Constructability, reliability, and specialized equipment were also given medium scores
because of the uncertainty of biological treatment effectiveness for such contaminants as
chlorinated organics and because of the large number of relatively deep stripper wells
potentially required.

Permitting agencies were judged to favor the in situ alternative (as applied to nitrates
and organics) and the scoring was in the medium to high range. The cost was judged to be
high due to the number and depth of stripper wells.

5.3.3.5 Alternatives GW-5 and GW-6: Removal, Treatment, and Disposal Alternatives
for Groundwater

5.3.3.5.1 Descriptions. Two alternatives have been developed for this general
response action.

Alternative GW-5:

" Removal: Extraction wells

" Biological Treatment:
- Biodenitrification (nitrates)

* Chemical Treatment:
- Chemical oxidation (organics)
- Precipitation (heavy metals and radionuclides)
- Chemical reduction (hexavalent chromium)

" Physical Treatment:
- Media filtration (remove precipitates)
- Ion exchange (polishing and any remaining inorganic contaminants)

" Stabilization/Solidification:
- Cement-based solidification of secondary waste streams

* Disposal:
- Reinjection into the aquifer (Disposal for S/S residues: Vaults-high-activity

radioactive and mixed waste; trenches/pits - low-activity radioactive and mixed
waste; trenches/pits to be capped with the Hanford Barrier
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* Monitoring: 100 Area groundwater.

Alternative GW-6:

* Removal: Extraction wells

" Biological Treatment:
- Biodenitrification (nitrates)

" Physical Treatment:
- Air stripping/carbon adsorption (organics)
- Forced evaporation (for volume reduction)
- Media filtration (remove concentrated solids)
- Reverse osmosis (polishing and any remaining inorganic contaminants)

* Stabilization/Solidification:
- Cement-based solidification of secondary waste streams

* Disposal:
- Crib disposal (Disposal for S/S residues: Vaults-high-activity radioactive and

mixed waste; trenches/pits - low-activity radioactive and mixed waste; capped with
Hanford Barrier).

" Monitoring: 100 Area groundwater.

Size and Configuration. The volume of contaminated groundwater potentially
requiring treatment has been estimated as 4.8 billion gallons (refer to Appendix D). The
extraction system design (for Hanford 100 Area contaminated groundwater plumes) presented
in the Hanford Ground Water Cleanup and Conceptual Study (WHC 1991d) proposes a line
of 255 extraction wells (Table C-1 of the report), located approximately 300 feet from the
Columbia River. A 50-gpm pump was specified for each well. Modeling of the
groundwater hydrology in this study resulted in a requirement for a cumulative extraction
rate of 5,760 gpm (see Table 5-4 for derivation), in order to intercept contaminated plumes
before contact with the Columbia River.

Alternatives GW-5 and GW-6 would require remediation facilities designed to treat 5760
gpm of groundwater contaminated with nitrates, hexavalent chromium, radionuclides, and
potentially, other contaminants such as organics and heavy metals. Primary components of
the unit operations required for both alternatives are presented schematically in Figures 5-9
and 5-10.

Alternative GW-5 Unit Operations. Figure 5-9 is a conceptual flow diagram of the
unit operations proposed for Alternative GW-5. Each unit operation and its function is
described below:
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" The extraction system consists of 255 extraction wells equipped with 50-gpm pumps
throttled to achieve a cumulative extraction rate of 5760 gpm.

" Groundwater is pumped to a storage tank to allow flow equalization and to allow
particles-that may interfere with the efficiency of subsequent unit operations-to
settle.

" A chemical oxidation system for organic contamination is the initial unit operation in
the treatment system. Groundwater and reagents, such as combinations of hydrogen
peroxide and ozone, are pumped into a process vessel where organic contaminants are
oxidized (the reaction is enhanced by ultra violet light). Simplified reaction (for a
hydrocarbon) of this process is:

CJ1,+H20 2 I.0 xCO2t + 1H20

* Following chemical oxidation, a source of carbonate ion (other reagents such as
phosphates could also be used), and pH adjustment would be required depending on
the chemical species which require treatment). The reagent is added to the process
stream in a continuously stirred continuous flow (CSCF) reactor vessel. Addition of
carbonate (at slightly elevated pH) or phosphates causes precipitation of reagent-
specific radionuclides. An example of a precipitation reaction for strontium-90 as a
carbonate salt, occurs as described by the following simplified reaction:

"Sr + CO3 -"SrCO3 4

" Clarifiers are used to concentrate precipitates by dewatering. Clear-water overflows
from the clarifier and a concentrated stream containing suspended solids then flows to
a rotary drum filter unit. A material such as diatomaceous earth is added to the waste
stream to aid in the filtration process. The rotary drum filter is specified because it
requires less hands-on operation than do other filter types (such as plate and frame
filter presses).

" The next unit operation is specified for chemical reduction of hexavalent chromium
(which is very soluble) to the trivalent oxidation state (which is highly insoluble). An
acidic solution of ferrous sulfate is added to the process stream in a CSCF reactor
vessel. The hexavalent chromium precipitates as a sulfate salt, according to the
following redox reaction:
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Cr20o~+ 6Fe2*+ 6 SO4 ~+ 14H-. 2Cr3*(SOf~J, + 6Fe3*

" Biodenitrification is proposed for reduction of nitrates to elemental nitrogen which
may then be vented to the atmosphere. Clarified effluent from the hexavalent
chromium reduction process flows to a biodenitrification reactor vessel where the
denitrification occurs according to the following reaction:

Bactelral Metaboie Proes

NO;~ - N2 t

" Some radionuclide species such as cesium-137 and technetium-99 are not readily
precipitated (either by pH adjustment or by redox). Ion exchange is the final unit
operation applied to treat this type of contaminant. Both cation and anion exchange
resins are specified to remove primary contaminants and also to polish the water prior
to discharge. Ion exchange resins require regeneration by stripping with high-
concentration salt, acid, or other reagent solutions. The regeneration loop results in a
large amount of secondary waste that must be treated and solidified prior to disposal.

" Residues are generated from filtration and ion-exchange regeneration steps described
above. Prior to disposal, all residues would be solidified with cement.

" At this point, two waste streams are ready for disposal. The treated groundwater still
contains tritium and would be reinjected into a 200 Area aquifer to allow sufficient
travel time for natural attenuation of the tritium before it reaches the river. Solidified
waste residues would also be sent to the 200 Area for disposal. Vaults would be used
for high-level radioactive and mixed waste, and trenches or pits are specified for low-
level radioactive and mixed waste. The Hanford Barrier would be used to cap all
trenches/pits used for waste disposal.

Alternative GW-6 Unit Operations. Alternative GW-6 unit operations are all physical
treatment options with the exception of biodenitrification. Figure 5-10 provides a conceptual
flow diagram of the unit operations proposed for Alternative GW-6. This alternative differs
from Alternative GW-5 in that physical treatment unit operations are not as contaminant
specific as chemical treatment unit operations. Unit operations not described previously and
their function in the remediation strategy are described below.

* Air stripping followed by carbon adsorption unit operations is proposed for
remediation of VOCs. Groundwater and air are fed counter-current to each other in a
packed bed (or tray) stripping column. Organic constituents are stripped from the
aqueous phase into the gas phase which is then treated with organic carbon to prevent
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VOC emissions to the atmosphere. Organics other than VOCs are not treated by this
alternative.

" The initial unit operation is forced evaporation to reduce the volume of water
requiring treatment in subsequent unit operations. Enough water may be evaporated
in commercial power plant evaporator-dryers to achieve 30 to 50 percent total solids.
The vapor is then condensed and is pumped to a disposal line.

* A rotary drum filter is used to remove concentrates from the evaporation-dryer
bottom waste stream. The concentrate would be solidified prior to disposal.

" Reverse osmosis would then be used on the filtered liquid effluent for removal of
remaining soluble inorganic contaminants, especially those of higher molecular
weight.

* Biodenitrification is specified for remediation of nitrates.

* Ion exchange is the final unit operation required, and both cation and anion exchange
resins are specified to polish the water prior to discharge. Note that resin
regeneration would result in a large amount of secondary waste, requiring
solidification prior to disposal.

" Cement-based solidification is proposed for residues from incineration (if required),
media filtration, reverse osmosis, and ion exchange.

* Two waste streams are ready for disposal. Treated groundwater still contains tritium
and would be released to the soil via a crib in the Hanford 200 Area to provide
sufficient travel time to the river to allow natural attenuation of the tritium. Solidified
waste residues would also be sent to the 200 Area for disposal. Vaults would be used
for high-activity radioactive and mixed waste and trenches or pits are specified for
low-activity radioactive and mixed waste. The Hanford Barrier would be used to
close all trenches/pits used for waste disposal.

Flow Rates and Composition. Tables 1-17 through 1-19 in Section 1.0 of this report
provide the most recent analytical results for contaminants in groundwater. Section 1.3.1.6.2
discusses contaminants which exceed the EPA's maximum contaminant levels.

The Hanford Ground Water Cleanup and Restoration Conceptual Study (WHC 199 1d),
lists the estimated extraction rates and major contaminants by 100 Area plume (refer to
Table 2-2 of the referenced report). The extraction flow rates vary according to the
hydrology of the particular plume and the extent of contamination; for example, an extraction
rate of 800 gpm is required for the 100-DR-1 plume, which is contaminated with
strontium-90, tritium, chromium, and nitrates as primary contaminants. The estimated
extraction rate for all 100 Area plumes is summarized in Table 5-4 below. Unit operations

if for Alternatives GW-5 and GW-6 may be specified with parallel trains to avoid cross
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contamination, especially for waste streams containing tritium and waste streams which are
not radioactive.

Disposal Distances and Methods. The proposed disposal method for both alternatives

Table 5-4
Estimated Groundwater Extraction Rates by 100 Area Plume

Area Plume Identification Extraction Rate, GPM

B/C 100BC-1 200
100BC-2 200

K 100K-1 500
100K-2 500
100K-3 1000

N 10ON-1 700

D 100D-1 800
100D-2 1000

H 10OH-1 200
100H-2 60

F 100F-1 300
100F-2 300

Total 5760

Adapted from Table 2-2 of "Hanford Ground Water Cleanup and Restoration Conceptual
Study," (WHC 1991d Draft).
is on-site disposal at the 200 Area. The treated groundwater would be reinjected into the
aquifer for Alternative GW-5 and would be disposed into the soil via a crib for Alternative
GW-6. Both disposal methods would result in introduction of tritium into the environment,
and natural attenuation of this contaminant is considered part of the remediation strategy
since no practical treatment technology exists for tritium. Residues resulting from secondary
waste stream treatment, such as media filtration (both alternatives), ion exchange (both
alternatives), and reverse osmosis (Alternative GW-6), would be solidified and disposed of in
the 200 Area. The method selected for waste disposal is dependent on the activity of the
waste. Vaults are specified for disposal of high-activity radioactive and mixed waste, and
trenches/pits are used for low-activity radioactive and mixed waste. The Hanford Barrier is
used to close the trenches or pits.

5.3.3.5.2 Evaluation. Groundwater would be remediated with a complex system
involving extraction wells and chemical, biological, and physical treatment followed by
solidification of secondary wastes. The solidified wastes would be disposed on-site and
treated water would be reinjected into a suitable aquifer.
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Due to the dilute contamination in the groundwater, worker exposure would be low in
this treatment, and there would be only limited environmental disturbance. Medium to high
short-term protection scores result. The long-term protection and reduction of mobility
factors were all scored uniformly high as the contamination is removed and concentrated in
disposal facilities. Concern over reinjection of untreated tritium kept the scores from being
higher.

The alternative was judged to be relatively easy to construct using known processing
systems and was, therefore, scored medium to high. Services were scored similarly, with
only the scale of the problem inhibiting high scores. Due to the substantial complexity of the
processing system, only medium scores were assigned for reliability and specialized
equipment.

The problem of tritiated water reinjection kept the agency approval score only in the
medium to high range, even though the treatment system is thorough. The cost factor score
is very low, reflecting the high cost of this complex system.

In Alternative GW-6 a different treatment system is proposed to address all but tritium
in the groundwater. The alternative was given scores very similar to Alternative GW-5 in all
but two factors. Slightly lower scores for agency approval were assigned to reflect concern
over the impact of the very large evaporator systems. This same concern kept the
availability of services factor somewhat lower than for Alternative GW-5.

5.3.4 Soil and Riverbank Sediment Alternatives

5.3.4.1 Alternative SS-1: No Action

5.3.4.1.1 Description. As explained in Section 4.0, the no action alternative is
required by the NCP to serve as a baseline for evaluation of other alternatives. The no
action alternative can also be applied to sites where contamination does not exceed the level
of unacceptable risk and/or is in compliance with ARARs. This alternative represents a
situation where no restrictions, controls, or active remedial measures are applied to the site
and thus the contamination is allowed to dissipate through natural attenuation processes. The
acceptability of this alternative would depend on a risk assessment.

5.3.4.1.2 Evaluation. This no action alternative for soils and riverbank sediments was
scored in a similar fashion to the two previous no action alternatives (Alternative SW-1 for
solid waste and Alternative GW-1 for groundwater). A major concern was again raised in
relation to the need for a risk assessment to confirm or override the judgements made in the
scoring.

Short-term effects are scored considering potential exposures to the populace and worker
exposure. Since there would be no worker exposure, and these sites represent only a
moderate exposure problem in the undisturbed state, short-term effects are given an
intermediate score. It is conservatively assumed that the long-term effectiveness is very poor
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and that the potential for releasing contaminants into the environment is high, although this
may not be true for all sites. This alternative provides no benefits to reduction of waste
mobility.

The factors related to construction, reliability, availability of services, and specialized
equipment are all given high scores, which reflects the lack of requirement for any special
equipment. Similarly, the alternative was given a high score for cost because essentially no
costs are associated with this alternative.

This alternative was given low scores for agency approval because it is unlikely to
actually meet the RAOs.

5.3.4.2 Alternative SS-2: Institutional Actions for Soil and Riverbank Sediment

5.3.4.2.1 Description. This alternative involves restricting access to contaminated
areas of soils and riverbank sediments within the Hanford 100 Area. Volume, toxicity, and
mobility of contaminants associated with soils and riverbank sediments are not reduced by
institutional actions. Access restriction to areas containing contaminated soils and riverbank
sediments (for example, cribs, disposal trenches, and drains) reduces the potential for human
exposure. The institutional actions include fences, deed restrictions, and monitoring, the
same as described for Alternative SW-2, in Section 5.3.2.2, Institutional Actions for Solid
Wastes.

5.3.4.2.2 Evaluation. The limited effectiveness of institutional controls, even with
perpetual monitoring, generally results in a low composite score. As in the previous
alternative, a risk assessment is needed to confirm or refute the opinions indicated by these
scores. The scores for this alternative are very similar to those for Alternative SW-2 using
institutional controls for solid waste.

The short-term effects are assumed to be acceptable, based on monitoring, and there is
no worker exposure associated with retrieval. Therefore, intermediate scores are assigned to
these factors. It is conservatively assumed that the long-term effectiveness is very poor and
that the potential for releasing contaminants into the environment is high, although this may
not be true for all sites.

Constructability, reliability, availability of services, and special equipment all get high
scores because fencing, monitoring, and legal instruments are all readily available.

An average score was assigned for maintenance because of the need for perpetual care.
Cost of this alternative is low, so the cost score is high. This alternative, similar to
Alternative SS-1, was given a low score for agency approval due to the potential for not
meeting RAOs.
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5.3.4.3 Alternative SS-3: Containment Actions for Soil and Riverbank Sediment

5.3.4.3.1 Description. A single alternative has been developed for containment of
soils and riverbank sediments.

This alternative is similar to Alternative SW-3, which applies to solid wastes.

Alternative SS-3:

" Run-On/Run-Off Control:
- Grading
- Diversion/collection
- Revegetation

" Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)

* Monitoring: 100 Area groundwater.

Size and Configuration. This containment action is intended to take advantage of low-
cost surface modifications to protect the integrity of contaminated soils and riverbank
sediments. The Hanford Barrier would be installed over buried wastes to prevent erosion,
breaching by burrowing animals and contact with precipitation. Other areas of the site would
be contoured (by grading) to aid in channeling precipitation away from the wastes, thus
ensuring adequate protection from erosion. Diversion and collection would also be used to
prevent runoff from ponding over the solid wastes thereby reducing the potential for
mobilization of contaminants by leaching. Native species vegetation would be planted over
capped areas and adjacent areas of disturbed soil for erosion control.

Containment Objective. The objective of containment is to prevent mobilization of
contaminants that are adsorbed on soil particles as a result of erosion or leaching
mechanisms.

Disposal Distance and Methods. Containment implies in situ disposal, which avoids
the need for disposal facilities. Contaminated soils and riverbank sediments are isolated in
situ without waste treatment and are protected from mobilization with the Hanford Barrier or
RCRA Multi-media Cap, as required for the type of waste.

5.3.4.3.2 Evaluation. Run-on/run-off control, when coupled with the installation of
Hanford Barriers or RCRA caps, leads to a relatively "low tech" alternative. Without the
potential for subsidence (as in the case of solid waste), there should be little to no perpetual
care for the Hanford Barrier for this application. It is anticipated that the number of
individual sites where Hanford Barriers or RCRA caps would be required is very high.
Multiple sites in close proximity may be more efficiently covered by one Hanford Barrier or
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RCRA cap. The large number of sites/caps is a negative factor when considering this
containment alternative because individual, separately negotiated permits might be required
for each site.

Short-term effects were scored slightly higher than the previous two alternatives because
of the limited exposure of the workers to the low hazard problem and the effectiveness of the
Hanford Barrier. The short-term environmental effects are worse than the short-term human
health effects due to the disturbance associated with grading for run-on/run-off control. The
long-term effects are given low to medium scores because the waste has not been modified or
immobilized and the potential for contaminant release remains. The alternative scores higher
than either Alternatives SS-1 or SS-2 on reduction of mobility, because the Hanford Barrier
and RCRA multi-media cap will inhibit leaching and intrusion into contaminated zones.

The constructability factor was given high scores, reflecting the simplicity of the
alternative. Similarly, services and equipment are readily available and scored high.

Medium to high scores were given to cost, reflecting moderate capital costs to handle
the large number of sites.

Low scores were assigned to agency approvals. The alternative is better than the
previous ones, but since the constituents have not been immobilized and due to the
multiplicity of sites, it is not rated highly.

5.3.4.4 Alternatives SS-4, SS-5, and SS-6: Removal and Disposal Alternatives for Soil
and Riverbank Sediments

5.2.4.4.1 Descriptions. Three alternatives have been developed for the removal and
disposal general response action for soils and riverbank sediments. These three are similar
to the solid waste Alternatives SW-4, SW-5, and SW-6.

Alternative SS-4:

" Removal: Excavation

* On-Site Disposal:
- Vaults (high activity radioactive and mixed waste)
- Trenches/pits (hazardous-only and low activity radioactive and mixed waste)

" Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites)

Alternatives SS-5 and SS-6 are variations of Alternative SS-4 and differ only by the
method of disposal.
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Alternative SS-5:

" Removal: Excavation

" Off-Site Disposal:
- DOE facilities (all radioactive and mixed wastes)
- RCRA landfills (hazardous materials).

Alternative SS-6:

" Removal: Excavation

" On-Site Disposal:
- Vaults (high activity radioactive and mixed waste)
- RCRA Landfills (low activity radioactive and mixed waste and hazardous materials).

* Capping:
- Hanford Barriers (radioactive waste disposal sites)
- RCRA Multi-media Caps (hazardous-only waste disposal sites).

Size and Configuration. The total volume of contaminated soil in the 100 Area has
been estimated at about 456 million loose cubic feet in the 100 Area Past Practice Site
Cleanup and Restoration Conceptual Study (WHC, 1991e). This volume includes one third
of the total overburden that must be removed to excavate soil; i.e., this volume of
overburden must be treated or disposed of along with the contaminated soil because it would
potentially be contaminated during excavation operations. The volume of contaminated
riverbank sediments has been estimated at about 30 million LCF (refer to Appendix D).

The soil and riverbank sediments of the 100 Area are contaminated with a variety of
toxic compounds including: radionuclides, heavy metals, nitrates, and to a lesser degree,
organic compounds. Refer to Tables 1-5, 1-6, 1-7, and 1-8 and the discussion in Section
1.3.1 for detailed information pertaining to contaminants, concentration in soil, and waste
generation processes. Major unit operations for Alternatives SS-4, SS-5, and SS-6 are
discussed below.

Alternatives SS-4, SS-5, and SS-6 Removal. The objectives of Alternatives SS-4, SS-
5, and SS-6 are common: removal of soils and riverbank sediments by excavation followed
by disposal.

Commercially available, large scale mining/construction equipment would be used to
excavate soils and riverbank sediments. The excavated soils would be sorted by
activity level and packaged in bulk containers for transport to the disposal site. Dust
control measures including containment structures, if necessary, would be provided to
assure worker and environmental protection during remediation.
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The system specified would be capable of removing approximately 8,000 LCF/hour of
soils and riverbank sediments to meet the 2018 TPA milestone for completion of
remediation.

The disposal systems defined for Alternatives SS-4, SS-5, and SS-6 provide the
opportunity to examine and compare the use of both on-site and off-site disposal strategies.
Major unit operations and the objectives of their use for each alternative are discussed below:

Alternative SS-4 Disposal:

" On-site vaults located at the Hanford 200 Area are specified for disposal of high-
activity radioactive and mixed wastes. Hazardous-only and low-activity radioactive
and mixed wastes would be placed in disposal trenches/pits at the 200 Area.

" Closure of the trenches/pits would be accomplished with the Hanford Barrier or
RCRA multi-media cap, depending upon the type of waste.

Alternative SS-5 Disposal:

* Off-site disposal is specified for high-activity radioactive and mixed wastes, low-
activity radioactive and mixed wastes, and hazardous wastes. All radioactive and
mixed wastes are would be shipped to disposal areas at other DOE facilities.
Hazardous waste would be shipped to an off-site RCRA landfill in accordance with
current practice.

Alternative SS-6 Disposal:

" On-site vaults located at the Hanford 200 Area are specified for disposal of high
activity radioactive and mixed wastes. All other wastes would be shipped to new
on-site RCRA landfills for disposal.

" The Hanford Barrier and RCRA multi-media cap would be used as required for
closure of all waste disposal sites.

Flow Rates and Composition. The 100 Area Past Practice Site Cleanup and
Restoration Conceptual Study (WHC 1991e) developed estimated excavation rates necessary
to remediate contaminated soils by year 2018 assuming a 20 year remediation period.
Sediment excavation rates were developed using the same assumptions. Contaminated soil
and sediment volumes and excavation rates are presented in Table 5-5.

Hanford 100 Area soils and riverbank sediments (exclusive of contaminants) consist of
Pasco gravels with small amounts of clay and humus materials. The mixture is very coarse
with a small fraction of fines, approximately 20% < 0.125 mm. There is a significant
concentration of carbonaceous minerals in Hanford 100 Area soils.
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Table 5-5
Contaminated Soil and Sediment Volume for Excavation Purposes

Excavation Rate
Soil Types Bank Cubic Feet Loose Cubic Feet (loose ft3/hr)

Contaminated Soil 249,209,000 284,098,000 4,735

Contaminated 151,170,000 172,334,000 2,872
Overburden

Total 400,379,000 456,432,000 7,607

Riverbank Sediments 29,348,000 33,750,000 563

'Soils, 100 Area Past Practice Site Cleanup and Restoration Conceptual Study
(WHC 1991c).
bRefer to Appendix D.

Disposal Distances and Methods. The proposed disposal methods for Alternatives SS-
4, SS-5, and SS-6 include both on-site and off-site disposal options. Vaults and trenches or
pits are proposed for use at the Hanford 200 Area. The Hanford Barrier and RCRA multi-
media cap are specified for use where appropriate to cap disposal sites. One RCRA landfill
in the state of Oregon is currently being used for disposal of Hanford Site hazardous wastes.
The Nevada Test Site (NTS), which is approximately 1000 highway miles away from the
Hanford Site, is one potential location for a DOE mixed waste disposal facility.

5.3.4.4.2 Evaluation. Alternatives SS-4, SS-5, and SS-6 all involve excavation and
removal of the soils and riverbank sediments. No waste treatment is specified. In general,
reduction in the number of contaminated sites was advantageous. However, the waste
remains untreated so the alternatives are less desirable than alternatives involving treatment.

For Alternative SS-4, the short-term effects are given medium scores, reflecting
significant exposures to operations personnel during excavation. The long-term effects are
definite improvements over those of Alternatives SS-2 and SS-3 due to the improved disposal
practices. The long-term effects are not scored high because there is no treatment to remove
hazards associated with mobility and toxicity of contaminants.

The waste is not modified in form, but because the cap provides some improvement in
mobility, the reduction of mobility factor was scored in the low to medium range.

The Alternative SS-4 system is relatively easy to construct using available equipment, so
availability of services and specialized equipment factors were generally scored high.
Constructability was scored somewhat lower due to the large volumes to be removed and
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problems associated with excavation in a radioactive environment. Reliability was scored in
the medium to high range because of the low activity environment and the relatively simple
excavation medium. However, the alternative requires no long-term maintenance, so it
scored in the medium to high range on that factor.

Agency approval was given medium scores as it is better than Alternative SS-3, but all
waste remains on-site and untreated (potentially not in compliance with the RCRA Land
Disposal Restrictions) so public and agency acceptance may be difficult to acquire.

The use of off-site disposal in Alternative SS-5 results in the removal of soils and
riverbank sediments from the Hanford Site, but the scoring generally considered the extra
transportation to be a negative factor.

Due to the transportation requirements, this alternative is scored in the low range for
short-term effects. All soil and riverbank sediments are removed and shipped great
distances. The alternative also assumes that an identified disposal site would have acceptable
long-term effectiveness. An intermediate score was assigned to reduction in mobility because
the waste is not changed in form but merely removed from the Hanford Site.

Constructability, operational reliability, and maintenance were scored similarly to
Alternative SS-4, with a minor reduction for the transportation factor. The improbability of
identifying an off-site disposal area resulted in low scores for availability of services.
Specialized equipment was given a medium score because of the problems associated with
transporting the large volume of material.

Agency approval was also scored low because of the public resistance expected at
potential disposal sites and along the transport routes. The low score for cost reflects the
cost of retrieval and transport to a remote location.

Alternative SS-6 is similar to Alternative SS-4, except for the use of RCRA landfills at
the Hanford Site. The addition of the RCRA permit, the associated landfill liners, and
controls had a slight negative effect on the scores for maintenance and availability of
services. All other scores are similar to, and explained in, the evaluation for Alternative
SS-4.

5.3.4.5 Alternatives SS-7, SS-8, and SS-9: In situ Treatment for Soil and Riverbank
Sediments

5.3.4.5.1 Descriptions. Three alternatives are presented for the in situ treatment of
soils and riverbank sediments general response action.

Alternative SS-7:

" Biological: Biodenitrification
" Stabilization/Solidification: Vitrification

5-38



DOE\RL-92-11
Draft A

* Physical Treatment: Steam stripping
" Monitoring: 100 Area groundwater.

Alternative SS-8 consists of a single treatment operation intended primarily for areas
containing significant quantities of radioactive contamination:

Alternative SS-8:

" Stabilization/Solidification: Vitrification.
" Monitoring: 100 Area groundwater.

Alternative SS-9 closely resembles Alternative SS-7; however, vapor extraction is used
for remediation of organic contamination instead of steam stripping.

Alternative SS-9:

" Biological: Biodenitrification
" Stabilization/Solidification: Vitrification
" Physical Treatment: Vapor extraction.
" Monitoring: 100 Area groundwater.

Size and Configuration. A discussion of soil/sediment volumes is given in Section
5.3.4.4.1.

Alternatives SS-8, SS-9, SS-10 Unit Operations. Major unit operations required for
in situ treatment of soils and riverbank sediments alternatives are discussed below.

" In situ biodenitrification (discussed previously for Alternative GW-4) reduces nitrates
to elemental nitrogen. The denitrification process for contaminated soil follows the
same reaction as for groundwater:

Bactrl Metabolic Process
NO; -*N2 t

The process requires injection of nutrients or bacteria culture into contaminated soils
and riverbank sediments in order to enhance the denitrification process.

" In situ vitrification is proposed in Alternatives SS-7, SS-8, and SS-9 for stabilization
and solidification of areas containing high amounts of radionuclide contamination.
The in situ vitrification technique is well-suited for this application due to the
homogenous (from a chemical perspective) nature of soils. Electrodes channel current
to the soil which is resistively heated to temperatures in excess of the soil's melting
point. The soil melts and retains contaminants, such as radionuclides (although lower
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molecular weight radionuclides may be volatile, and secondary treatment in the form
of off-gas treatment is necessary) and heavy metals (some like mercury are volatile)
within the melt zone. Residues generated from the off-gas treatment process would
be prepared for disposal by stabilization and solidification. Backfilling of the site
would be necessary due to subsidence during vitrification.

" Alternative SS-7 would remediate soils and riverbank sediments contaminated with
volatile and some semivolatile organics by in situ steam stripping. Steam is injected
into the soils to volatilize organic contaminants which then percolate upward through
the soil and are released to the atmosphere.

" Alternative SS-9 would use vapor extraction for the remediation of volatile organic
contamination in soils. A vacuum is drawn on the soil inducing the volatilization of
organic compounds which may be adsorbed on the surface of soil particles.
Vapor extraction is commonly used in conjunction with carbon adsorption or
incineration to treat the off-gas; direct venting to the atmosphere may also meet
ARARs, depending on the contaminants and concentrations in the extracted vapor.

Composition. The 100 Area Past Practice Site Cleanup and Restoration Conceptual
Study (WHC 1991e) developed an approximation of the volume of contaminated soil at the
Hanford 100 Area. The volume of riverbank sediments associated with the 100 Area
operable units has been approximated for the purposes of this feasibility study. While
significant effort has been made to quantify the volume of soil and riverbank sediments
potentially contaminated with radionuclides (refer to Table 5-5), there is not sufficient
information to quantify the volume of organically contaminated material. However, it is
expected that only a small fraction of the volume presented in Table 5-5 is contaminated with
organic materials, as Hanford records did not indicate handling or disposal of large quantities
of organic materials. As is the case for Alternatives SW-7 and SW-8, waste treatment flow
rates are not applicable for in situ treatment.

Disposal Distances and Methods. The proposed disposal method for Alternatives SS-
7, SS-8, and SS-9 is in situ with varying degrees of treatment for organic and nitrate
contamination. Radioactive waste sites would be stabilized by vitrification to ensure that the
potential for mobilization of this type of contamination is reduced.

5.3.4.5.2 Evaluation. Alternative SS-7 proposed the use of three in situ treatment
process options in order to provide long-term protection from the contaminants treated.
However, the overall effectiveness is limited due to the limited application of the three
options.

The short-term effects of steam stripping organics into the environment limits the short-
term protection factor evaluations to a medium score. Because the alternatives do not
address all contaminants, the long-term protection scores are in the medium to high range.
The reduction of mobility score is in this same range.
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The development status of these technologies results in medium scores for
constructability, reliability, and maintenance. The same issue resulted in low to medium
scores for availability of services and specialized equipment.

Agency approval was given average scores, based on the development status and the
possible release of organics to the environment. The cost for this process option is expected,
to be high and the resulting score is low.

The extensive use of in situ vitrification as part of Alternative SS-8 for areas of
radioactive contamination is considered effective at destroying organic contamination while
immobilizing most radionuclides and heavy metals.

It scores only in the medium range for short-term protection because of concern over
potential problems with off-gas control. It scores in the high range for long-term protection
because of its permanence in reducing contaminant mobility.

The developmental stage and complexity of in situ vitrification systems result in low to
medium scores for constructability, reliability, service availability, and specialized
equipment. It was assigned a medium score for agency approval, largely because of the
uncertain development results. Costs are expected to be high.

The use of vapor extraction in Alternative SS-9 to replace steam stripping of Alternative
SS-7 has the benefit of capturing the organics instead of releasing them to the environment.
Vapor extraction however, cannot remove semivolatiles, such as PCBs.

The effectiveness factors, protection of health and the environment, and reduction of
mobility, were all scored higher in Alternative SS-9 than in Alternative SS-7 based on the
release of organics. The constructability and reliability factors were scored lower for this
alternative because of the extensive collection system required for vapor extraction.

Agency approval was thought to be somewhat more difficult for this alternative, due to
the failure to address semivolatiles.

5.3.4.6 Alternatives SS-10 and SS-11: Removal, Treatment, and Disposal Alternatives
for Soil and Riverbank Sediments

5.3.4.6.1 Descriptions. Two alternatives have been developed for this general
response action.

Alternative SS-10:

* Removal: Excavation

* Thermal Treatment:
- Thermal desorption (organic contamination)
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" Physical Treatment:
- Soil washing by attrition scrubbing (radionuclides adsorbed on soil particles)

* Stabilization/Solidification:
- Vitrification (residues from soil washing and off-gas treatment)

" On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)
- Trenches/pits (low-activity radioactive and mixed waste)

" Capping:
- Hanford Barriers (radioactive and mixed waste disposal sites).

Alternative SS-11:

e Removal: Excavation

* Thermal Treatment:
- Thermal desorption (organic contamination)

* Chemical Treatment:
- Soil washing by chemical leaching (radionuclides adsorbed on soil particles)

* Stabilization/Solidification:
- Vitrification (soil washing and off-gas treatment residues)

* On-Site Disposal:
- Vaults (high-activity radioactive and mixed waste)

* Off-Site Disposal:
- RCRA Landfills (hazardous-only waste)
- DOE Facilities (low-activity radioactive and mixed waste).

Size and Configuration. A discussion of soil/riverbank sediment volumes is given in

Section 5.3.4.4.1. Process flow diagrams of Alternatives SS-10 and SS-11 are presented in
Figures 5-11 and 5-12. Major unit operations for each alternative are discussed below.

Alternative SS-10 Unit Operations.

* Organically contaminated soils and riverbank sediments would be treated in a two-
stage thermal desorber. The initial stage consists of an externally fired chamber in
which organic compounds are vaporized. The vapors are then oxidized in a
secondary combustion chamber, and off-gases are treated and vented to the
atmosphere. Residues generated from the off-gas treatment process would be
prepared for disposal by stabilization and solidification.
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* Physical soil washing consists of a series of treatment operations. Initially, soils are
classified by particle size using a power screen (other types of equipment may also be
appropriate). The purpose of this initial classification is to separate large particles
(such as coarse sand, gravel, and rocks) from the finer-sized material (finer than
about 200 mesh (0.075 mm)(DOE-RL 1992)). Because of higher cation exchange
capacity, the bulk of radionuclide and heavy metal contamination is preferentially
adsorbed on the surfaces of smaller-sized soil particles. Larger soil particles are
removed from the waste stream at this stage (provided that it is clean enough to meet
remedial goals) and may be used as fill material. Physical soil washing is particularly
suited to soils which are predominantly sand and gravel. This is the case for Hanford
soils which are predominantly coarse granitic sands and gravels, with less than 10%
silts and clays. A high percentage of Hanford 100 Area material is of large particle
size, therefore, physical soil washing is considered an effective volume reduction
process (WHC 1990).

r) Next, the smaller-sized fraction of particles is taken from the power screen to a soil
washing unit similar to a ball mill (conceptual). The mill tumbles soil in the presence
of a scrubber solution (any of a number of solutions that enhance separation of
contaminants from the bulk soil; surfactants are an example). The tumbling action
causes particles to abrade the surfaces of other particles, stripping away surface
contamination. This process is referred to as attrition scrubbing.

* A centrifuge (other types of equipment may also be appropriate) is then used to
separate contaminants, fines (resulting from attrition scrubbing), and scrubber solution
from the relatively larger abraded soil particles. The cleaned abraded soil would be
used as backfill material.

* Contaminated scrubber solution and fines are pumped to a rotating disk spray dryer
for drying. A rotating disk spray dryer is best suited for this application, due to the
high maintenance anticipated for other dryers (spray dryers using nozzles would
require frequent replacement due to the nature of the feed; rotary dryers, for instance,
tend to cake which leads to difficulties in removing the material). Vapor from the
dryer is condensed and recycled back to the attrition scrubbing process.

* The final unit operation is stabilization and solidification of dewatered fines in a
vitrification unit. Glass frit or glass formers are added to the fines and melted in a
joule-heated vitrification unit to form a dense, glassified waste form (other reactors
using other sources of heat, such as plasma torches, may also be appropriate).

" Alternative SS-10 operations result in a glassified waste form requiring disposal. On-
site vaults located at the Hanford 200 Area are specified for disposal of high-activity
radioactive and mixed wastes. The resulting low-activity radioactive and mixed
wastes would be placed in pits or trenches, which are also located in the 200 Area.

* The Hanford Barrier would be used for closure of trenches and pits.
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Alternative SS-11 Unit Operations. Figure 5-12 is a conceptual process flow diagram
representing major unit operations of Alternative SS-11. Each unit operation unique to the
Alternative SS-11 remediation process is discussed below.

* A thermal desorber is specified for treatment of organically contaminated soils and
riverbank sediments. See discussion under Alternative SS-10.

" Chemical soil washing consists of a series of operations designed to chemically
dissolve contaminants adsorbed on the surfaces of soil particles. The following
discussion presents a simplified series of unit operations that may be used to
chemically remove surface contamination.

" A lixiviant (or mixture of lixiviants) is added to the soil in a stirred tank reactor.
Lixiviants are compounds that facilitate dissolution of contaminants, including
chelators, by chemically bonding to species such as radionuclides, thus forming
soluble complexes. Lixiviation is intended to strip adsorbed contaminants from soils
into solution. Lixiviants such as ethylenediaminetetraacetic acid (EDTA), which is a
common chelator, may be used for this purpose, but it should be noted that lixiviants
are contaminant-specific, and more than one would be required to remove multiple
contaminants. Additional stirred tank reactors may be necessary for removal of
multiple contaminants. If multiple reactors are required, washing steps would be
necessary between reactors.

" Following lixiviant treatment, a clarifier is used to separate soils from the treatment
liquid. The liquid is pumped to an evaporator where contaminants are concentrated
prior to drying (discussed below), and the soil is sent to another stirred tank reactor.

" Acid solution is added to the soil in the second stirred tank reactor. Most
radionuclides and heavy metals would go into solution at low pH. At this stage of the
process all remaining contaminants are dissolved, leaving clean soil.

" The second clarifier separates clean (but acidified) soil from the acid solution
containing contaminants. The clean soil may be discharged for use as backfill
(following neutralization). The liquid solution is first neutralized in a stirred tank
reactor and then concentrated in an evaporator.

" A fluidized bed dryer is used to remove water from evaporator concentrates in
preparation for stabilization and solidification. The fluidized bed consists of dry
concentrates. Effluent from the evaporation is introduced into the fluidized bed dryer
where all moisture is removed. The fluidized bed dryer is preferred for this
application because of its reliability in a similar application at Idaho Chemical Waste
Processing Plant.

" The final unit operation is stabilization and solidification of dry concentrates in a
vitrification unit. Glass frit and glass formers are added to the fines and melted in a
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joule-heated vitrification unit to form a dense, glassified waste form (other reactors
using other sources of heat, such as plasma torches may also be appropriate).

* Alternative SS-11 operations result in a glassified waste form requiring disposal. On-
site vaults located at the Hanford 200 Area are specified for disposal of high-activity
radioactive and mixed wastes. Low-activity radioactive and mixed wastes would be
sent to other DOE facilities for disposal. Wastes which have been identified as
hazardous-only at the excavation phase would be sent off-site for disposal at a RCRA
landfill.

Flow Rates and Composition. Refer to the discussion in Section 5.3.4.4.1.

Disposal Distances and Methods. The proposed disposal method for any high-activity
radioactive and mixed waste in both alternatives is on-site disposal in vaults at the 200 Area.
Wastes result from vitrification of soil washing and off-gas treatment residues. On-site
trenches or pits are proposed for low-activity radioactive and mixed waste in Alternative SS-
10; an off-site disposal option has been specified for low-activity radioactive and mixed waste
(disposal at a DOE facility) and hazardous-only wastes (RCRA landfill) in Alternative SS-11.
The Nevada Test Site (NTS) is one potential location for a low level mixed waste disposal
facility. NTS is approximately 1,000 highway miles away from the Hanford Site. A facility
in the State of Oregon currently accepts Hanford hazardous wastes.

The Hanford Barrier is specified for use where appropriate to close trenches and pits in
the 200 Area.

5.3.4.6.2 Evaluation. In Alternative SS-10, excavation and complex treatment for all
contaminants, and disposal on-site in vaults, pits, and trenches provides a total solution to the
contaminated soils and riverbank sediments problems. It does so at the expense of needs for
high amounts of material handling and high cost.

The short-term effectiveness of these alternatives is similar to the solid waste excavation
alternatives. Average scores were assigned to account for the risks of handling and
processing. The long-term effectiveness is scored high because of the stable waste form in a
single disposal facility.

Since the systems are reasonably well developed, but very large systems would be
required, only medium scores were assigned to constructability and reliability. Similar
scores apply to availability of services and specialized equipment for the same reason.

Average scores were assigned to agency approval to account for the excellent waste
form and also for the difficulty in permitting the complex processes. Obviously, the complex
system is costly.

Alternative SS-11, like Alternative SS-10, is a complex ex situ processing system for
soils and riverbank sediments. This alternative differs from Alternative SS-10 primarily in
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the area related to disposal and in the use of chemical soil washing as opposed to physical
soil washing. The on-site disposal of Alternative SS-10 was responsible for its higher score
relative to Alternative SS-11 which relies on off-site disposal for the low-activity radioactive
and mixed waste. The transportation of large volumes of waste over many miles to off-site
disposal facilities raises issues of safety, questionable public acceptance, and potentially very
high costs.

5.3.5 Summary of Alternatives Evaluation

The scoring rationale for each alternative (by general response action) is discussed in
evaluation sections presented previously. Figures 5-13, 5-14, and 5-15 present average
project team scores for each evaluation factor and weighted, normalized scores for
effectiveness, implementability, and cost criteria. The sum of weighted, normalized scores
represents the composite evaluation score of each alternative. The standard deviation of each
composite score is also presented as a relative indication of the uncertainty associated with
scoring a particular alternative: a large standard deviation is indicative of varied opinions by
the nine member project team concerning how the alternative should be scored. A small
standard deviation, on the other hand, reflects a better consensus among the nine project
team members.

The guidance document (EPA 1988a) directs that the effectiveness criterion should be
weighted more heavily than implementability and cost criteria. For the purposes of this
feasibility study, this was accomplished by first normalizing the sum of individual factors for
each criterion to 100 (for example, a total of "25" is possible for the five factors (See Figure
5-13) considered for evaluating effectiveness; the effectiveness score is normalized by
multiplying the new score by 4), and then by weighting (multiplying by a weighting factor).
The project team weighted evaluation criteria are as follows:

Weight

" Effectiveness 0.6
" Implementability 0.3
" Cost 0.1

Total 1.0

The decision to discard alternatives at this point is made on the basis of retaining a
broad range of GRAs for detailed analysis. This is deemed necessary for this particular
feasibility study due to an incomplete set of input parameters that are specified in the
guidance document for traditional feasibility studies. Alternatives recommended for
consideration at the detailed analysis/focused feasibility study levels cover the spectrum of all
potential remedial actions from "no action" (which would be applicable only if a risk
assessment indicates acceptability of such an approach) to removal, treatment, and disposal
actions, which reduce uncertainty and risk but at a high cost.
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Based on composite scores, the following alternatives are considered representative of
various GRAs for future evaluations that will be made during Hanford 100 Area operable
unit focused feasibility studies. Note that "no action" Alternatives SW-1, GW-1, and SS-1
are retained at this point to serve as a baseline (per the NCP) for comparative purposes and
for evaluation from the risk assessment standpoint at some future time. The retained
alternatives may serve as a baseline from which to evaluate the future impact of site
characterization data and risk assessment results. It should also be stressed that alternatives
(and technologies) that are not retained may be revisited as new information warrants, in
accordance with FS guidance.

While the CERCLA Phase I/Il FS process provides a rational basis for developing and
screening remedial alternatives, it is very important to note that all this is done in the
absence of a baseline risk assessment to comprehensively evaluate the inherent risks posed by
the contamination. The baseline risk assessment will be a part of future studies. The Phase
I/H process also does not allow much consideration of cost. Thus, the true cost/risk
reduction benefit of each alternative has not been evaluated or even considered. This is an
essential element in the ultimate decision-making process. While protection of human health
and the environment is of utmost importance, the final remedial solutions must be found to
be cost effective in view of their benefit to true risk reduction.

5.3.5.1 Solid Waste

Composite scores for Alternatives SW-1 through SW-10 range from 54.6 (no action) to
65.4 for Alternative SW-9 (a removal, treatment, and disposal alternative). Table 5-6
presents the solid waste alternatives retained for future analysis and the rationale for dropping
alternatives from consideration at this time

The alternatives retained represent all GRAs. One representative alternative for each
general response action has been retained for future evaluation.

5.3.5.2 Groundwater

Composite scores for groundwater alternatives range from a low of 52.2 for Alternative
GW-1 to a high of 71.9 for Alternative GW-6 (a removal, treatment, and disposal action).
Table 5-7 presents the groundwater alternatives recommended for future analysis and the
rationale for not considering other alternatives further.

The spread in scores indicates that project team members were better able to make
assessments concerning groundwater alternatives than had been the case for solid waste.
Both removal, treatment, and disposal alternatives are recommended for detailed analysis due
to the unique treatment approach taken in each case. An in situ treatment approach is also
retained to maintain a range of different levels of remedial action and potentially for use in
combination with alternatives for other media.
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Table 5-6
Recommendations for Solid Waste Alternatives

Alternative Description Score Recommendation

SW-I No Action Alternative 54.7 Retain for detailed analysis and risk assessment data.

SW-2 Institutional: Fencing and Deed Restrictions 55.9 Retain to preserve range of GRAs.

SW-5 Removal & Excavation and Demolition 57.8 Screened based on retaining Alternative SW-4.
Disposal: RCRA Landfills and DOE Disposal Facilities

SW-3 Containment: Grading, Diversion/Collection, and Revegetation 62.5 Retain as a containment action.
Hanford Barriers and RCRA Multi-media Caps

SW-8 In Situ Vibration Aided Grout Injection 62.9 Screened based on retaining Alternative SW-7.
Treatment: Hanford Barriers and RCRA Multi-media Caps

SW-7 In Situ Dynamic Compaction 63.4 Retain as an in situ treatment action.
Treatment: Vibration Aided Grout Injection

Hanford Barrier. and RCRA Multi-media Caps

SW-6 Removal & Excavation and Demolition 63.4 Screened based on retaining Alternative SW-4.
Disposal: Vaults and RCRA Landfills

Hanford Barrier, and RCRA Multi-media Caps

SW-10 Removal, Excavation and Demolition . 64.0 Screened based on rataining Alternative SW-9.
Treatment, Incineration (azardous organics)
& Disposal: Bitumen-based Stabilization/Solidification

Vaults and Trenches/Pits
Hanford Barriers

SW-4 Removal & Excavation and Demolition 64.8 Retain as a removal and disposal action.
Disposal: Vaults and Trenches/Pits

Hanford Barriers and RCRA Muti-media Caps

SW-9 Removal, Excavation and Demolition 65.4 Retain as a removal, treatment, and disposal action.
Treatment, Thermal Desorption (hazardous organics)
& Disposal: Compaction

Cement-based Stabilization/Solidification
Vaults and Trenches/Pits
Hanford Barriers

00

0

%0



Table 5-7
Recommendations for Groundwater Alternatives

Alternative Description Score Recommendation

GW-1 No Action Alternative 52.2 Retain for detailed analysis and risk assessment
data.

GW-3 Containment: Slurry Walls 53.9 Retain to preserve range of GRAs.
Extraction Wells

GW-2 Institutional: Water-rights and Deed Restrictions 57.2 Retain to preserve range of GRAs.
Groundwater Monitoring
Columbia River as Alternate Water Supply

GW-4 In Situ Biodenitrification 61.6 Retain as an in situ treatment action.
Treatment: Air Stripping

GW-5 Removal, Extraction Wells 71.6 Retain as a removal, treatment, and disposal
Treatment, Biodenitrification action based on chemical treatment processes.
& Disposal: Chemical Oxidation, Precipitation, and Chemical

Reduction
Media Filtration and Ion Exchange
Cement-based Solidification
Reinjection into Aquifer, Vaults, and Trenches/Pits

GW-6 Removal, Extraction Wells 71.9 Retain as a removal, treatment, and disposal
Treatment, Biodenitrification action based on physical treatment processes.
& Disposal: Air Stripping, Forced Evaporation, Media

Filtration, and Reverse Osmosis
Cement-based Solidification
Crib Disposal, Vaults, and Trenches/Pits

%D

0
0
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Table 5-8
Reconnendations for Soils and Riverbank Sediment Alternatives

Alternative Description Score Recommendation

SS-1 No Action Alternative 55.4 Retain for detailed analysis and risk assessment data.

SS-2 Institutional: Fencing and Deed Restrictions 56.5 Retain to preserve range of GRAs.

SS-5 Removal & Excavation 58.8 Screened based on retaining Alternative SS-4.
Disposal: RCRA Landfills and DOE Disposal Facilities

SS-6 Removal & Excavation 62.2 Screened based on retaining Alternative SS-4.
Disposal: Vaults and RCRA Landfills

Hanford Barriers and RCRA Multi-media Caps

SS-11 Removal, Excavation 62.4 Screened based on retaining Alternative SS-10.
Treatment, Thermal Desorption (hazardous organics)
& Disposal: SolA Washing

Vitrification
Vaults
RCRA Landfills and DOE Disposal Facilities

SS-4 Removal & Excavation 63.2 Retain as a removal and disposal action.
Disposal: Vaults and Trenches/Pits

Hanford Barriers and RCRA Multi-media Caps

SS-3 Containment: Grading, Diversion/Collection, Revegetation 63.5 Retain as a containment action.
Hanford Barriers and RCRA Multi-media Caps

SS-7 In Situ Biodenitrification 64.5 Screened based on retaining Alternative SS-8.
Treatment: Vitrification

Steam Stripping

SS-9 In Situ Biodenitrification 65.5 Screened based on retaining Alternative SS-S.
Treatment: Vitrification

Vapor Extraction

SS-8 In Situ Vitrification 66.6 Retain as an in situ treatment action.
Treatment:

SS-10 Removal, Excavation 67.4 Retain as a removal, treatment, and disposal action.
Treatment, Thermal Desorption (hazardous organics)
& Disposal: Soil Washing

Vitrification
Vaults and Trenches/Pits
Hanford Barriers

In
tin
0
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5.3.5.3 Soils and Riverbank Sediments

Composite scores for soils and riverbank sediments alternatives range from a low of
55.4 for Alternative SS-1 (no action) to a high of 67.4 for Alternative SS-10 (a removal,
treatment, and disposal alternative). Table 5-8 presents the soil and riverbank sediments
alternatives recommended for future analysis, and a rationale for a recommendation of not
considering other alternatives is discussed below.

The alternatives retained include the entire range of possible GRAs that may be taken
for Hanford 100 Area soils and riverbank sediments. All alternatives retained represent
technologies and process options considered the best choices as a result of screening
activities.

5.3.5.4 Potential Future Innovative Technology Applications

In Phase I (Section 4.0) of this FS, a number of innovative technologies were screened
out for lack of demonstrated implementability and/or effectiveness. CERCLA FS guidance
specifies that innovative remedial approaches be considered where use of such technologies
offer cost or performance (effectiveness) advantages over more traditional approaches.
However, many of these technologies which were screened out, while promising in theory,
have not yet undergone sufficient development to prove their overall viability in site
remediation applications. Many of these technologies are currently in some stage of
development and most of these are probably some years away before development efforts
come to fruition. The purpose of this section is to provide recommendations of specific
innovative technologies whose development progress should be monitored. Performance data
obtained from the development efforts may be then used in future feasibility studies in an
iterative fashion to assess the conclusions arrived at during Phase I of this FS.

The technologies discussed below are- specifically identified for monitoring of
development progress based in part on technical comments received from reviewers to this
document. This list is not necessarily all inclusive and others may be added as additional
evaluations are performed.

Electro-kinetic Separation. (See Appendix C, Section 2.10.4) Electro-kinetic
separation is an in situ physical treatment method used to enhance separation of
adsorbed contaminants on saturated sediments using charged electrodes placed within the
contaminated aquifer. Development on a laboratory scale has shown promising results.
Significant research work is being conducted at Sandia National Laboratories and
elsewhere.

In Situ Chemical Precipitation. (See Appendix C, Section 2.11.1) The application of
precipitation reagents in situ may be applied to immobilize contaminants in groundwater
and saturated sediments as an alternative to pump and treat technologies. Limited ex
situ laboratory and bench studies have been performed. Much development work would
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be needed to demonstrate in situ application. The principal difficulties of in situ
application are attaining adequate mixing and distribution of chemical reagents.

Lixiviant Extraction. (See Appendix C, Section 2.7.4) Lixiviant extraction involves
the introduction of chemical reagents to contaminated saturated sediments for removal
of adsorbed contaminants so as to enhance the effectiveness of pump and treat systems.
Lixiviants have been developed for solution mining of uranium. Lixiviants for site
remediation applications require all phases of development and demonstration.

In Situ Vitrification/Grouting of Compacted Waste Forms. (See Appendix C,
Section 1.10.3 and Section 1.10.1) These technologies are potentially applicable for use
in stabilizing compacted waste for subsidence control in 200 Area burial trenches, an
important aspect for the Hanford Barrier application. Development work and field
demonstrations are needed to prove viability and generate performance data.

Supported Liquid Membranes. (See Appendix C, Section 2.13.15) Supported liquid
membrane filtration is a process option similar in many respects to reverse osmosis and
ultrafiltration. The key difference involves the use of carrier molecules in the supported
liquid membrane for transport of contaminants out of groundwater into a concentrated
liquor. The process has potential cost advantages relative to reverse osmosis. Some
laboratory and bench scale testing has been done on Hanford groundwater for uranium,
technetium, and chromium removal. Pilot scale demonstration is scheduled for FY
1994.

Biological Barriers. (See Appendix C, Section 1.5.5) Biological barriers are created by
the accumulation of biomass to provide a barrier against migration of contamination.
Maintaining stable barriers has not been demonstrated. The biological barrier is in the
conceptual stage with much development work needed to prove its viability.

Biosorption. (Sep Appendix C, Section 2.12.3). The biosorption process is similar to
ion exchange. Resins containing treated algae have been tested for removal of uranium.
Additional testing may identify resins which are capable of removing additional
contaminants.
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dose in excess of 4 miemyear.

For Environmental Protection:

Prevent basefiow conlributions to the
Columbia rer of all contaminants at
cxcenamst would exceed
ctwnic aqutic cncenralios
p desei pen .

Restoregroundeen ualityl o
backgroundcncnrain for all
contaminants iresented in Tables
In -EBO m AppenixA

Removal Groundwater

Treatment

Disposal

F--

Treatmen

Extraction Wets

Extraction Drains/Trenches

AquerMkng

Lxviad Extraction

Bioreactors
Blodeniriication

Iliosoaplon

Ion Exchange

Evaor: Passive

MediaFitration

Fiocculion

CarbonAdsorption

Ak Stripping

Reverse Osmosis

Ultrataon

Eiectrodialysis

DissolvedAir Rolation

Sedimentation

Stem Stripping
Evaporation: Forced

Freeze Crystalization

Supported Liquid Membrane

Extraction Wets

Extraction Drainsfrrenches
Aquier Mining

-- LkvianfExtrac__ _n SpeciedforGW-6

Bioteaclos

- Biodeniricat
r on

Vaults
Trenches/Pits udingCap)
S'S

- MediaFhlation
Altemnative GW-5;

Flocculation Extraconwes
Blodenftfiton

-CarbonAsrption Chemical Oxidation
ArStrpng Precipitation

-Reverse osmosis Cemct=dj

UltriltrationI

-- | EZcZ2Z y & 22 Trenches/Pits ncuding C
Dissolved A Flotaon Reieclion Into Aquifer

-- Sedimnentalion

Steam Stripping ReijectionigoAcuifer

- Evaprafion. Forced Ceka xda
Precipitation
Chemical Reduction

- Spported4LquidMembIn

Continued

Fi re 5-2
Hanford 100 Area FS: Developme n ternatives for Groundwater (continued)
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Groundwater
General Response

Actions

Ident Identify Process Options and
Techn oi Screen TechnologIes/OptIons,hnologies Based on Technical Implementabilty

0~

Evaluate Process Options Based
on Effectiveness, Institutional

Implementablllty and Relative Cost

019906.110304A12
P4.eAof 4

Combine Into Alternatives
Selected Representative

Processes for Affected Media

For Human Health:

Prevent ingestion of waler wih
cacinogen concentratiomns In excess
ofMCLsAppendixBandatotal
excess; cancerriskbfo l cniwrnfinrits
of greater it= 104 to 10.

Prevent ingestion of water wih
contamin ant uoncenitons in excess
of MCLs, or reference doses, or back-

round concendrabons, as presented
a Appendrall-

Prevent' o of water wihtotd
radionucieconcetrarions that
would resultinaradioactive exposure
dos in excess of4 w&TVar

For Environmental Protection:

Prevent baseflow conributions to the
Columbia River of all contaninants at
concentationsthatwouldexceed
chronk, aquas concentrsations
presented In Appendix B.

Restore grfounchvater quality to
bacgrond con centations for at
contaunmapresnted in Tables

.ndA

LEGEND

shaded Sot
Technologyorprocess

c10lseen dfom
fomrconsldeaton

Non-shaded Box

option ins te
Miuening stage

Removal

Treatment

Disposed

Chemical
Treatment

S~ubrfae

Disposal

P 1

Specifidfor Aftemntve GW-5

Vaults
TrMenchePrts [nlding Cap)

AftemnaveGW-:

Chodemifiction

Chemical Oxdatln

Precipitation

Ttium Treatment

WetAirOddalon

Chemnical Reduction

Surface Discharge

Columbia River

Above-lBelow-Ground Tanks

Deep Well Iection
ReqeetonintoAqudfer

Cib Disposd

Chemical Oxidation

Precipitaon

Tritum Treatment ir

etA xkledation

Cheela edacton

-j oriiace Dischrge ?

H Columbia River

Deep We inection
ReinfectionintoAquifer

Crib Disposal

* I Air Sipping
Evaporadon; Form
Reverse Osmosis
Cement-bused SIS
Vaults
TrencheslPits finch
Cr Disposal

liodentflcamk
Extraction Wells
Reverse OSMOSis
Arskipping
lon Exchange
Meda Fftration
Evaporation: Forced

Figure 5-2
Hanford 100 Area FS: Development of Alternatives for Groundwater (continued)
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Soil and Sediments
General Response

Actions

Identify Process Options and
Identiey Screen TechnologlewOptions,

Technologies Based on Technical Implementability

Evaluate Process Options Based
on Effectiveness, Institutional

Implementabilityand Relative Cost

Combine Into Alternatives
Selected Representative

Processes forAffectedMedia

For Human Health:

Prevent ingestionhdirectcontactwith
soa havnexcess cancer risk of
in excess of 25 mreei e.

Prevent iaglon of contaminants of
concern posing an excess cacer
risk of 10 o 10, or radionucoldes In
concentrations resulting i doses
greaterttan25nreVyear.

For Environmental Protection:

prevent erosion of sod that would
cotrite to surface water
contaionsgretrthanthe
standard r ch cas isace
water isted in Appendix B.

Prevent release of contluents to
groundwater that would result in
concentratonsinexcessofthe
concentrations isted inAppenix B,
or above background concentrations
listedin Tabes B1 -B1 and
Appen&A

Not Apptcable

--uno Capng -Actions Resticis

E t rg K.

Feing
Deed Restrictions

Leadiale Mon~oding

Asphalt-Based Covers

Concrete-Based Covers

Soilvclay-BacedCovers

RCRAMitIMedaCap

Hanford Barters

ZN

Synted Cove -

17I K tGro'T l*ctioO
ntFVCryogenicwls

-"

Verialt
| Bariers

Run-ONR/runOHl
Control-

Slurry Wals

Groul Curtains

F i SheetPkags 7
CryogefdcWails

Boiogxsia iaers

Diversion/iCncdtion

Grading

Revegetatfon

Not Appicable

Fencing

Deed Restidions

r AsphalFasedCovers r
Concrete-Based Covers

Soilvclay-lased Covers

RCRA Wlt-Media Caps

Hanford Bariers

F-~1.._roertltion.-

hi4'
Skry Wats

Grout Cuttains

DiversionlColection

Grading

Revegetation

Aternatve SS-1:
No Acion

Afternve 8-2:
Fencing and Deed Restrictions

Specilied for Nternatives

eS- 84 

, W, 
88-10SS.

Alternative 5-84
Hanord Bariers
RCA Multi-Media C
Diversion[Colection,
Revegetation

Grading and

Flaure 5-3
Hanford 100 Area FS: Development o rnatives for Soil and Riverbank Sediments

RemedialAction
Objectives
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Soil and Sediments
GeneralResponse

Actions

identify Process Options and
lan*y Screen TechnologeWsOptons,

Technologies Based on Technical Implementabilifty

Evaluate Process Options Based
on Effectiveness, Institutional

Implementability and Relative Cost

Combine into Alternatives
Selected Representative

Processes for Affected Media

For Human Health:

Prevent ingestion/dirct contact with

14to oracliiond o
in excess of25 rnemear.

Preventinhalaon of contaminants of

rikof 1o ?G o rdionuciel sin
concentran resuring in doses
greaterlton 25 nvenry&.

For Environmental Protection:

Prevent erosion of sol that would
munbibute to sat atwater

gonsreaterthathe
standards for merica in surface
water rated in Appendix B.

Preventrelease of consituents to
grcundwaer that would result i

ritretlions In excess of the
concentrations lbted in Appendi B,
or above background concxnilraticeis
Istedn Tables B1- BInd
Appendix A

ExcavationRe R
Disposa

On-Ste

Off-Site
-a

Soiaion

Trenches/Pits

vaults

Tumi las
flCRALandIls

RCRA Landfils

DOE Disposalaorities
Geclogie Repositories

Dynamic Compaction

Hanford Bariers
RCRA Mulfi-Media Caps

ExcEwxatn

-t Trenches/ts

FICIIALandfills A fte rativeSS-5:

_____________Exvao

-- RCA a ndil DOEDisposal Facilities

-- E 0DisposA Faci!i
-- chgi Hanford Barriers

-MRCRAMun-MediaCaps

-- brationAdedGrout njectHanFrdi sandVaults

-- lfS oli ing RCRA Mullf-Media Caps

-z

Fants

Vitrification

Dynamic Compaction

Endianced Soil B-orem]ia on Enhanced Soil Broremediaton
Situ B cl Biodenitrificatlon Blodarification

Hlj -0 g

In SINu Chesicl
Treatiest

- huhsia

Traten

Vapor Extraction

Slean Stripping

SoilFlushing

RFHHeating

Electrical Soil Heating

Sol Flushing :6 1

Alternative 85-7;,
BDode ndrficaetion
Vitrification
Steamn Stripping

Viicatiogn'

A 
rxtaS-on

Figure 5-3
Hanford 100 Area FS: Development of Alternatives for Soil and Riverbank Sediments (continued)
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Sol and Sediments
General Response,

Actions

identify Process Options and
Screen Technologies/Options,Technologies Based on Technical Implementabllity

Evaluate Process Options Based
on Effectfveness, Institutional

Implementabilly and Relative Cost

Combine into Alternatives
Selected Representative

Processes forAffected Media

For Human Health:

Prevent kigestodrfewtctawith
soil having an excess cancer risk of
104 to 10, or radato doses
inexcessof25nrenfya.

Prevent inhtalon of contaminants of
concern posing an excess cancer

IMo 04 to 10, or radionuclides in
concentins resuftig in doses
greaterthan 25 mrear.

For Environmental Protection:

Prevent erosion of soi that would
certzhflto swrfacewater
concenlilons greater than ff
standards for chenkgs In surface
water estd in Appex B.

Prevent release of comstituents to
groundwaterthatouldresvutin
concentrations in excess oft
concentrations Isted in Appenix B,
or above backgrond concentrations
isted in Tables BI -B10 and
AppendxA

Excavahon

ThermaflDesorption

Incineration

Moten Solds Processing

hm -Based

Cement-Based

Pofyme-B ased

Vitrincation

Removal Removal

Disposa

Tredisaten

~~ Pyk
Treatmen

HH

SpecidedforSS-11

Excavation

-enrSokdsProcessg

Hanford Bariers

-Ba sed Aiemative SS-10:
CentBased Excavation

Thermai Desorption
-- t P Elased Virification

Vif . - Sol WashingVaitiication vots
Trenches/Pits
Hargord Baniers

Vapor Extraction

Sol Washing Trenches/Pits
Vaults

Steam Stripping

C
Colnid

Figure 5-3
Hanford 100 Area FS: Development of Alternat for Soil and Riverbank Sediments (continued)
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Soil and Sediments
General Response

Actions

'*1'4

Identify Identity Process Options and
Techn e Screen Technologles/Oplions,hnologies Based on Technical Implementabilly

t

Evaluate Process Options Based
on Effectiveness, Institutional

Implementabllliy and Relative Cost

Combine Info Alternatives
SelectedRepresentatve

Processes forAffected Media

For Human Health:

Prevent igestiodirect coutact wilh
so v excess cancer risk o
104to1 rad aindse
in excess of 25 mrnwear.

Prevent inhdaion of contanilmts of
concern posing an exess canrr
risk of I 04to 10, or radionuides in
concentruns resulting In doses
greaterthan 25 nreyear.

For Environmental Protection:

Prevent erosion of sol that would
coribste to suace water
concentratons greater than the
standards for chemicals isinuace
wateristedinAppendixB.

Nevent release of consituents to
godwater that would resujlt In

ittons i excess of the
concentrtons losed in Appendix B,
or above btgroumd concantvations
led i Tables It -BI 0and

Appendix A

LEGEND

Sad Box
TedIeenor process

or s lexendfrom

N Mzaded Box
TodInolovaorprocess
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On-Site

Disposal

Chemica 0xddin

SoilWashing
AalMet Dechloriaion

Bioreadors
Land Treasmrnt

Biodenirtation

Trenchesllits

Vauls

RCRA Landa

RCRA L.andfils

DOEDisposalFaclifies;

Geologic Repositories

I
DMetal c l

Baoeacdors

I'2,. WTref...

Trenches/Fts AftemaMieSS-11:
Excavation

Vauals ThermalDesorption
Sol Washing

RCRA Landfils Vaults
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Grl eor

Figure 5-3
Hanford 100 Area FS: Development of Alternatives for Soil and Riverbank Sediments (continued)
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Dynamic
Compactio

Compacted Soil and Solid Waste Undisturbed Soil
and Solid Waste

Vibration Aided Grout Injection

Gru

0

Hanford Barrier

0aoa-x3 <At~Q)-o'OPO-

Solid Waste Mass - Stabilized and Solidified

Figure 5-4
Hanford 100 Area FS Alternative SW-7: Solid Waste Stabilization and Solidification

by Dynamic Compaction, and Vibration Aided Grout Injection
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SUPERCOMPACTOR

Solid Waste Removal:

Excavation and Demolition

25(K) Ft/Hr

I L Compactible Wastes
(No Hazardous Organic Contaminants)

Organically
Contaminated
Wastes

Solids

(Non-Compactible Materials)

T ratment

THERMAL

LII nDESORBER

Solids
Cement
Additives

MIXER

200 AREAilk

Figure 5-5
Hanford 100 Area FS Alternative SW-9: Process Flow Diagram

L-A

Disposal of S/S and
Supercomp acted Wastes:

Vaults: High Activity
Radioactive and
Mixed Waste

Trenches/Pits: Low Activity
Radioactive
and Mixed
Waste

Hanford Barriers
as Required
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Solid Waste Remioval:
Excavation and Demolition

2500 Ft3/Hr

Off-Gas Tratment
Combustibles and
Organicaly Contaminated
Wastes Off-Gas

Treament

SHREDDER

ROTARY KILN

Solids Sollds

Bitumen

MIXER

200 AREA

0
0

Figure 5-6
Hanford 100 Area FS Alternative SW-10: Process Flow Diagram
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Disposal of S/S Wastes:

Vaults: High Activity
Radioactive and
Mixed Waste

Trenches/Pits: Low Activity
Radioactive
and Mixed
Waste

Hanford Barriers
as Required
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4LGoundwater

Extraction
Wells

Slurry 0wall

-f 1 Area o Groundwater
n H Contaminated

Plume

Columbia
River

Figure 5-7
Hanford 100 Area FS Alternative GW-3: Conceptual Model for Containment of Groundwater (Slurry Wall)

and Hydraulic Control, (Extraction, and Injection Wells)
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Nutrian and Bacteil
Culture Supply Tanks

Blower

0

Organic Laden vapor
to Atmosphere

1A0

Phase Separated
Organic

Contamination

Injected4Air

Contaminated
Groundwater Injected
Containing Nutrients/Culture

Nitrates for Denitrification

Nitrate

Figure 5-8
Hanford 100 Area FS Alternative GW-4: Conceptual Model

of In Situ Air Stripping, and Biodenitrification
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ORGANC CONTAMINA77OM PROCESS LOOP -AS REQD
Etracon-a aHydrogen Peroxide

wells Ozone
5760 GPMOA

STORAGE CHEMICAL OXIDATION

NaHCO3

PRECIPITATION

Overflow

CLARIFIER
CLARFIERFiltration Liquid

Media Effluent

Precipitation
Concentrate

ROTARY
DRUM
FILTER CLARIFIERK

Solid
Residue

ChromI
Reducti
Concen

FeSO4/Acid

HEXAVALENT CHROMIUM
REDUCTION

overflow

Liquid
Fitation Effluent

um
on
trate ROTARY

DRUM
FILTER Solid

Residue

MIXER

Cemnent

B c r a hW 
a s t e

BIODENITRIFICATIONRei 
Rsdu

REACTOR Reganration

rNutrients & Loop
Bacteria Culture

Cation/AnIon
[ON EXCHANGE

200 AREA

Disposal of Solidified
Residues:

Vaults: High Activity
Radioactive and
Mixed Waste

Trenches/Pits: Low Activity
Radioactive
and Mixed
Waste

Hanford Barriers
as Required

Reinjection into Aquifer:
Treated
Groundwater
with Tritium

ac

Figure 5-9
Hanford 100 Area FS Alternative GW-5: Process Flow Diagram
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Groundwater
Extrction Wells

STORAGE TANK

EVAPORATO

Concentrate DRUM

Filtration
Media

So
Re

O RGANIC ACONTAN PROCESS LOOP-AS REQ'D

Oroanic-Rich Air TZAmsere

PACKED
BED
COLUMN

CARBON ADSORPTION UNITS

R CONDENSER T

REVERSE OSMOSIS

Concentrate

LWuid Effluent

lid
sI due

1

Cement
Additives
Waste

BIODENITRIFICATION Residue
RAEACTOR

Residue
Nutrients & Regeneration MIXER

Baera Loop
culture

Cation/Anlon
ION EXCHANGE

200 AREA

Crib Disposal:
40 Treated

Groundwater
With Tritium
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Figure 5-10
Hanford 100 Area FS Alternative GW-6: Process Flow Diagram
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Soil and Sediment
Removal: Excavation

8100 Ft/Hr

1 1 200 AREA

Off Gas Treatment

Organically Contaminated
Soil/sedlments

H
POWER SCREEN

:L 3siedfill
Soil/Sediments;
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SOIL WASHING
Attrition Scrubbing

Off-Gas
THERMAL
DESORBER
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Scrubber
Solution

ROTATING
DISC

DRYER

Dewate

Off Gas
Treatment
Residues

Disposal of S/S Wastes:

Vaults: High Activity
Radioactive and
Mixed Waste

Trenches/Pits: Low Activity
Radioactive
and Mixed
Waste

Hanford Barriers
as Required

0
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SCaS

Figure 5-11
Hanford 100 Area FS Alternate SS-1 0: Process Flow Diagram
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Soil and Sediments
Removal: Excavation Off Gas atment

81H r M i(/Hrl

Off-Gas
Organically Contaminated Treatment
Soll/Sediments Residues

D THERMAL
DESORBERJoule Heated

Vitrification Unit
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Radioactive CONDENSER
GoigSediments
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REACTOR

CLARIFIERAid
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ANK
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Figure 5-12
Hanford 100 Area FS Alternative SS-11: Process Flow Diagram
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General Evaluation
$ - SW-2 SW-S SW-4 SW-S SW-C SW-? Me SW-S W10

Evaluation Factors

Effectiveness
Short-Term Protection of Human Health 2.6 3.9 3.8 2.7 1.9 2.6 3.8 3.9 2.1 2.1
Short-Term Protection of the Environment 2.2 2.2 3.3 2.9 2.2 2.8 3.7 3.8 2.6 2.6
Long-Term Protection of Human Health 1.0 1.7 2.7 3.7 4.3 3.8 3.0 2.8 4.4 4.6
Long-Term Protection of the Environment 1.0 1.0 2.2 3.6 4.2 3.7 2.9 2.8 4.3 4.4
ReduclionofMobility,ToxlcityorVolumeofWaste 1.0 1.0 2.1 2.2 2.8 2.9 3.2 2.9 4.3 4.6

Normalized. Weighted Effectiveness Total 18.7 23.5 33.9 36.0 37.1 37.6 39.7 38.7 42.7 43.7

Imlementabt
TecnicalFe bility Constructability 5.0 4.7 4.3 3.4 3.1 3.3 3.2 3.3 2.8 2.6

Operational Reiability 5.0 4.3 2.7 3.3 3.2 3.3 2.7 2.8 3.1 2.8
Maintenance 4.9 3.4 2.9 4.1 4.2 3.6 3.1 3.0 2.8 2.4

Im ptmentabil
Arinistrativeeasibty Agency Approvals 1.1 1.4 1.9 3.3 1.6 2.9 2.1 2.3 3.7 2.9

Availabilityof Services 5.0 4.7 4.7 4.2 1.9 3.8 3.2 3.1 3.3 3.0
Specialized Equipment and Personnel 5.0 4.8 4.7 4.1 3.0 4.0 2.7 2.8 2.9 2.8

Normalized,WeightedlmplementabI Total 16.0 14.3 14.1 15.8 10.6 14.2 11.1 11.2 12.7 11.1

cost Relative Cost 5.0 4.6 3.8 3.0 1.9 2A 3.3 3.4 2.1 1.9
Normalized, Weighted Cost Total 10.0 9.1 7.6 6.0 3.8 4.9 6.7 6.9 4.2 3.8

Normalized, .7 55.9 .5 4.6 57.8 63.4 .4 2.9 .4 .0
Weighted Standard
Composite Deviation 6.5 5.5 3.6 6.3 9.2 5.9 6.3 6.5 7.7 4.7

199BO6.10 3.4A14

(A

-3U)

0

tZ.

Figure 5-13
Hanford 100 Area FS: Screening of Alternatives for Solid Waste
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General Evaluation
flra An Evaluation Factors

$ GW-1 GW-2 GW-3 GW-4 GW-5 GW-s
'S

Effectiveness
Short-Term Protection of Human Health 2.0 3.6 3.0 2.9 3.4 3.3
Short-Term Protection ofthe Environment 1.8 2.3 3.0 2.8 3.7 3.6
Long-TermProtectionof HumanHealth 1.0 2.0 2.9 3.0 4.3 4.4
Long-Term Protection of the Environment 1.0 1.4 2.8 2.9 4.3 4.4
Reduction of Mobility, Tocity or Volume of Waste 1.0 1.0 2.3 3.0 4.3 4.3

Normalized, Weighted Effectiveness Total 16.3 24.8 33.6 34.9 48.3 48.3

Implementablity
Technicai Feasibility Constructability 5.0 4.4 2.3 3.4 3.8 3.7

Operational Reliability 4.7 4.1 2.3 3.3 3.1 3.2
Maintenance 5.0 4.0 2.0 3.2 2.6 2.7

Implementabity
Administrative Feasibility Agency Approvals 1.2 1.7 2.4 2.6 3.8 3.4

Availability of Services 5.0 4.7 3.3 3.4 3.7 3.4
Specialized Equipment and Personnel 5.0 4.7 3.0 3.6 3.2 3.1

Normalized, Weighted lmplementabilityTotal 16.2 15.0 10.8 12.8 13.2 12.7

Cost Relative Cost 5.0 4.4 2.4 3.3 1.8 1.9
Normalized, Weighted Cost Total 10.0 8.9 4.9 6.7 3.6 3.8

Normalized 52.2 7.2 .9 61.6 71.9 71.6
Weighted Standard
Composite Deviation 6.4 9.3 6.7 8.8 5.3 6.8

r

Figure 5-14
Hanford 100 Area FS: Screening of Alternatives for Groundwater
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General Evaluation

Pr aI Evaluation Factors
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C,

'0

& ci/
'$1. it

.~, C) t
C,

,x;sS-1I S,t-2 53-3 884 88-5 53-6 S~

b

4)It

C'2

v-7SS-8 SS-9 SS-10 SS-11

Effectiveness
Short-TermProtectionof HumanHeath 2.7 3.8 3.6 2.7 1.9 2.8 3.4 3.7 3.7 2.7 2.2
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6.0 FUTURE STUDY PHASES

While the scope of this document is limited to alternatives development and
screening for the 100 Area, future study phases will include:

" Treatability studies for support of remedy screening, selection, and design

* Focused feasibility studies (detailed analysis) for IRM remedy selection and for
final OU remedy selection.

This section provides an overview discussion of these future study phases,
explaining the needs and approach for development ofa treatability study program plan
and explaining the general approach to conducting future focused FSs to bring 100 Area
operable units through remedy selection and Record of Decision.

6.1 TREATABILITY STUDIES AND TECHNOLOGY DEMONSTRATIONS

In this Phase I/II FS, alternatives are developed and screened for remediating 100
Area contaminated media. The technologies and process options selected for the
alternatives combine those that are conventional in the sense that they have been widely
applied elsewhere in actual site remediations and those that are innovative in the sense
that, while they may not have yet been applied, the technologies are promising and have
been developed to some degree, but lack sufficient cost and performance data to validate
their application to Hanford remediation. In either case, treatability data will be needed
to support both the detailed analyses of alternatives and the remedial design efforts. In
the case of conventional technologies, treatability data are needed to more thoroughly
evaluate them for Hanford site-specific contaminants and conditions. In the case of
innovative technologies, treatability data are needed to determine their fundamental
viability as technology options.

Treatability studies are conducted for two purposes:

" Provide sufficient data to allow treatment alternatives to be fully developed and
evaluated during the detailed analysis and to support the remedial design of a
selected alternative

" Reduce cost and performance uncertainties for treatment alternatives to
acceptable levels so that a remedy can be selected

The decision process for treatability investigations consists of:

* Determining data needs
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" Reviewing existing data on the site and available literature on technologies to
determine if existing data are sufficient to evaluate alternatives

" Performing treatability tests, as appropriate, to determine performance,
operating parameters, and relative costs of potential remedial technologies

" Evaluating the data to ensure that data quality objectives (DQOs) are met.

Treatability studies usually consist of a combination of information research,
evaluation, and testing. Treatability testing is performed on different scales depending
upon the DQOs which must be met. The three levels of testing are:

" Laboratory screening
" Bench scale testing
" Pilot scale testing.

Treatability tests may initially be conducted on a laboratory scale to determine
the suitability of a technology quickly and inexpensively. Laboratory screening provides
qualitative data that would be used to determine the validity of the technology for
remediating the site. No cost or design information is provided from these tests.

Bench scale testing is usually performed using comparatively small volumes of
waste. These tests are generally used to determine if the "chemistry" of the process
works. Because small volumes and inexpensive equipment are used, bench tests can be
used economically to test a relatively large number of both performance and waste-
composition variables. Bench scale tests are performed to determine if a technology can
meet the performance goals of the remediation. The bench-scale tests provide
quantitative data which would permit more accurate cost performance, and schedule
estimation for the full-scale remediation. Most FS detailed analysis phases require
testing on at least the bench scale.

Pilot scale studies are intended to simulate the physical as well as chemical
parameters of a full-scale process. Therefore, the treatment unit sizes and the volume of
waste to be processed in pilot systems greatly increase over those of bench scale. As
such, pilot tests are intended to bridge the gap between bench scale testing and full scale
operation, and are intended to more accurately simulate the performance of the full
scale process. Pilot scale testing is expensive and time consuming relative to bench scale
testing. Pilot scale testing may generally be warranted in the following situations:

* Where the nature of the process is such that the physical and geometric effects
of the test equipment are important to simulate full-scale performance. That is,
in such cases, bench scale equipment is too small to simulate critical
performance parameters. An example is rotary kiln incineration where it is
difficult to evaluate the ability to handle a new waste using a bench scale test.
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* For innovative technologies which are not well developed or have not been
applied commercially or where scale-up information may be totally lacking

* When there is a need to investigate secondary effects of the process, such as air
emissions, or when treatment residues are needed to test secondary treatment
processes

To determine the need for pilot testing, the potential for improved performance
or savings in time or money during the remedial implementation should be balanced
against the additional time and cost for pilot testing. Technologies requiring pilot testing
should also be compared to technologies that can be implemented without pilot testing.
Innovative technologies should be considered if they offer the potential for more efficient
treatment, waste destruction, or significant savings in time or money required to
complete the remedial action.

It is anticipated that the multiplicity of data needs will need to be filled, where
appropriate, by a combination of literature research, laboratory screening, bench scale
testing, pilot scale testing, and field demonstrations. Specific implementation work plans
will be required to define the specific scope and schedule of each study, test program, or
demonstration.

The starting point for identifying treatability study data needs will be the list of
screening alternatives developed in this Phase I/Il FS. The number and scope of
treatability studies does not necessarily correlate with the number of alternatives, as
some alternatives may not need tests to support either detailed analysis or design.
Further, once the list of treatability study data needs are identified, all the candidate
studies need to be prioritized, focusing on the near-term needs associated with potential
100 Area IRMs. The initial focus also needs to be on those remedial alternatives which
show the highest potential for meeting remedial action objectives as indicated by their
relative evaluation scores.

The plan for treatability testing also needs to consider the need for engineering
development and subsequent technology demonstrations to support design and operation
of specialized equipment systems. As is the case with treatability studies which focus on
the workability of a specific physical or chemical process, the remedial programs will also
need development and demonstration of systems, hardware, and techniques associated
with remedial activities. Examples of such activities which may need support include
excavation, demolition, dust control, real-time instrumentation and analysis, remote
operations, waste containerizing and transport, and systems integration.

Also important for treatability study planning is the identification of development
needs for those promising innovative technologies and process options which were
screened out in the FS because of a lack of sufficient development or operational data to
validate their viability for Hanford remedial applications. While such development and
testing needs may be of considerably lower priority in the overall program, it is
important to the long-range program that promising technologies are given some share of
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attention, particularly if it is apparent that they offer significant technical or cost
advantage. Limited additional treatability studies of these innovative technologies would
be considered on a case-by-case basis. For example, considerable benefit might result
from merely performing a comprehensive literature search and discussions with the
inventors or developers of the technology.

The specific elements of treatability testing and technology demonstrations will be
defined in the 100 Area Treatability Study Program Plan. This plan will be developed to
meet the following objectives:

o Identify the list of technologies requiring treatability studies or technology
demonstrations for the 100 Area contaminated media. This information will be
extracted primarily from this FS report.

* Identify general data needs and test objectives to support detailed analysis of
alternatives and remedial design efforts.

* Define the specific studies and/or tests which will meet those objectives,
including defining the scale of the testing needed; include identification of
existing development programs and describe their progress to date and future
development plans; also identify treatability study programs being conducted for
other Hanford areas (or other DOE sites) and discuss coordination needs.

* Prioritize the studies and/or tests focusing on near-term needs associated with
100 Area IRMs.

* Identify order-of-magnitude costs and schedules associated with each study or
test program.

e Specify the methodology to be followed in conducting the studies and test
programs.

The program plan will be prepared in accordance with the Guide for Conducting
Treatability Studies Under CERCLA (Interim Final) (EPA 1989b) and the Guidance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (Interim Final)
(EPA 1988a).

Since prioritization of the treatability studies is linked to the near-term needs of
the 100 Area IRMs, the development of the Treatability Study Program Plan will be
closely coordinated with development of a companion document, the 100 Area IRM
Program Plan.
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6.2 FUTURE FEASIBILITY STUDY PHASES FOR 100 AREA OPERABLE UNITS

This 100 Area Feasibility Study provides alternatives development and screening
for the entire 100 Area. The scope of this effort is thus limited to that portion of a
CERCLA FS which is commonly referred to as Phases I and 11. The detailed analysis
phase of a CERCLA FS, which is referred to as Phase III, will not be conducted on an
aggregate area basis as was the case for this Phase I/II effort. Instead, detailed analysis
will take the form of individual Focused Feasibility Studies (FFS) to be performed either
on a waste site or site-group basis for purposes of selecting Interim Remedial Measures
(IRMs). To support the final ROD for the operable unit, the final FS will be performed
which will consist of a detailed analysis for the entire OU to select the OU remedy. The
IRM FFSs will be performed as further data become available from the Limited Field
Investigations (LFI) being performed for each 100 Area OU and from the 100 Area-wide
Studies. The IRM FFSs and the final OU FS will thus consist of waste site-specific
analyses of the alternatives developed in the Phase I/II effort using a combination of
site-specific and area-wide data generated by current and future investigation efforts. In
addition, all of the FFSs and the final FS for the OU will utilize information obtained
from specific technology treatability studies and technology demonstration projects (See
Section 6.1).

The IRM FFSs and the final OU FS will include the following steps:

* Identify contaminants of concern for specific waste units
Determine volumes or areas for specific waste units

SDetermine the complexity of the site(s)
Develop RAOs specific to the waste sites or OU
Update and refine the list of ARARs
Perform waste-site specific detailed analysis of alternatives.

While the IRM FFSs will generally follow the guidance prescribed by CERCLA
for conducting a detailed analysis (EPA 1988a, Section 6.0), the FFSs will be focused in
that the level of detail will be tailored to the level of complexity of a site(s). That is,
uncomplex sites, e.g., those involving few contaminants, limited contamination volume,
and/or low risk would require a less comprehensive evaluation. Conversely, complex
sites, e.g., those involving multiple contaminants, extensive contamination volume, and/or
substantial risk would require more comprehensive analysis, possibly including substantial
fate and transport modeling and alternative risk assessment.

The detailed analysis steps will include an evaluation of each remedial alternative
against the nine EPA evaluation criteria as required by CERCLA Section 121(b)(1).
These are listed as follows:

" Overall protection of human health and the environment
" Compliance with ARARs
* Long-term effectiveness and permanenceI Reduction of toxicity, mobility, or volume
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" Short-term effectiveness
" Implementability
* Cost
* State acceptance
* Community acceptance.

Additional work beyond the IRM FFSs or final OU FS includes the preparation
of reports leading to either an interim Record of Decision (ROD), in the case of the
IRM, or a final ROD for the OU. The details of the RI/FS steps for the 100 Area
operable units are discussed below.

Figure 6-1 depicts the interrelationships and sequencing of steps and activities
which must be integrated to bring an operable unit from field investigation through
ROD. The diagram is consistent with the approach outlined in the Hanford Site Past
Practice Strategy (DOE-RL 1991d). This chart provides a graphical description of the
entire process of characterization activities, risk assessments (RA), treatability studies,
and feasibility studies for the high and low priority sites within an operable unit and for
the operable unit as a whole.

To aid in understanding each of the figure activity elements and their
interrelationships, each element is described in the steps below.

STEP 1: 100 AREA AGGREGATE AND HANFORD SITE STUDIES

The 100 Area and Hanford Site studies consist of a series of investigations
being conducted on a 100 Area or Hanford-wide basis. These investigations
include the river impact study, the shoreline studies, the ecological study, the
cultural resources study, and the Hanford background study. These studies
provide data to be used in the LFI Report and in all phases of risk assessment.
The 100 Area-wide and Hanford Site Studies are conducted in parallel with the
OU LFIs and the 100 Area Phase I/il FS.

The studies in this category also include development of a baseline risk
assessment methodology. This document serves as the basis for all risk
assessments to be performed at Hanford and ensures consistent application of risk
assessment methodology in the 100 Area. The levels of risk assessment include:

" Risk assessment for IRM decisions
" Qualitative risk assessments for remedial alternatives assessments as part of

focused feasibility studies
" Cumulative baseline risk assessment for final OU remedy selection.

STEP 2: LIMITED FIELD INVESTIGATIONS (LFI) AND REPORTS

The LFI is a data collection/characterization activity for the high priority sites
in each 100 Area operable unit and consists of data compilation, non-intrusive
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investigations, intrusive investigations, and data evaluation subtasks based upon
the 100 Area OU rescoped work plans.

The LFI includes qualitative risk assessments for purposes of determining the
need for and/or selecting IRMs. This risk assessments utilize existing
information, data collected during the LFIs for the high priority sites, and data
from the aggregate and Hanford Site studies for use in IRM decisions prior to
conducting the IRM focused FS.

The LFI reports are secondary documents summarizing data collection and
analysis activities of the LFIs and the qualitative risk assessments.

STEP 3: 100 AREA FEASIBILITY STUDY (PHASES I/II) AND REPORT

The 100 Area Feasibility Study, Phases I and II, consists of four subtasks:
contaminants of concern identification, ARARs identification, alternatives
development, and alternatives screening. These subtasks are performed on an 100
Area-wide basis and provide screened alternatives as the starting point for
subsequent focused FSs for IRM selection and for final feasibility studies for
selection of the operable unit remedy. This Phase I/II study does not include
detailed analysis of alternatives. Each focused FS (FFS) performs a detailed
analysis using site-specific data.

STEP 4: TREATABILITY STUDIES AND TECHNOLOGY DEMONSTRATIONS

Needs for treatability studies and technology demonstrations to support future
detailed analyses of remedial alternatives are based upon screened alternatives
developed in the 100 Area Phase I/II FS. Specific treatability/demonstration
recommendations and schedules are developed in a Treatability Study Program
Plan. Information collected in these studies and demonstrations is used in the
FFSs for IRM selection and in the final FSs for final OU remedy selection.

STEP 5: FOCUSED FEASIBILITY STUDIES

Each focused FS consists of a detailed analysis of the alternatives developed in
the 100 Area FS for selection of the alternatives to be implemented for each 100
Area IRM. Modeling is performed as part of each detailed analysis, if required,
and alternative risk analysis is performed at the same level as the IRM risk
assessment discussed in Step 2. Information from the treatability studies and
technology demonstration projects (See Step 4) is used in the analysis of remedial
alternatives. The FFSs are documented in LFI/FFS Reports.

STEP 6: LFI/FFS REPORTS

The LFI/FFS Reports are primary documents summarizing information and
data obtained from the 100 Area Phase I/II FS, the treatability studies and
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demonstration projects, and the detailed analyses conducted during the focused
FS for each IRM. The LFI/FFS Reports are summarized in Proposed IRM Plans
and IRM RODs for the respective IRMs.

STEP 7: PROPOSED IRM PLANS

The Proposed IRM Plans are primary documents describing the plans to
implement each IRM. The Proposed IRM Plans, which are essentially the same
as conventional CERCLA Proposed Plans, serve as the primary means of public
notification for solicitation of comment on the proposed actions. These
documents are prepared following the issuance of the LFI/FFS Reports.

STEP 8: IRM RODS

The IRM RODs are primary documents which summarize all information
contained in each LFI/FFS Report and its associated IRM Plan. The IRM ROD
is defined as the CERCLA document used to select the method of remedial
action to be implemented at a site or group of sites after the FS/proposed plan
process has been completed. For the 100 Area, the IRM ROD covers the high
priority site(s) and the specific remedial actions implemented as IRMs.

For a given OU, the final operable unit RODs is issued after all the low
priority sites within the OU have been characterized, if necessary, and the
cumulative risk assessment and final FS for OU remedy selection have been
completed for the operable unit as a whole (See Step 12).

STEP 9: IRM DESIGN REPORTS

The IRM Design Reports are secondary documents and provide engineering
and technical specifications for implementing each IRM identified in the IRM
ROD.

STEP 10: IRM IMPLEMENTATION

Implementation of each 100 Area IRM consists of construction and operations
phases. These phases vary in scope and complexity among IRMs with respect to
manpower needs, equipment expenditures, durations, etc. These activities can run
concurrently with other activities such as final remedial investigations. Any data
collected as a result of the IRM implementation are used in the cumulative risk
baseline assessment and the final remedy selection for the operable unit (See Step
12).

STEP 11: FINAL RI AND REPORT

The final RI for each OU provides any additional data and characterization
needed to support the final remedy selection process for the operable unit.
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Characterization activities are conducted, as agreed by the unit managers, on the
remaining low priority sites and at high priority sites where final cleanup criteria
were not achieved during the IRM.

A final RI may consist of data compilation, non-intrusive investigations,
intrusive investigations, and data evaluation. Analyses conducted during the final
RI use data collected during the LFI, during IRM implementation, and in
previous investigations.

The final RI for each OU includes performance of the cumulative baseline risk
assessment for the OU. This risk assessment is a quantitative evaluation of
residual risk at the operable unit after completion of the IRMs and is conducted
according to the Hanford Baseline Risk Assessment Methodology. The results
are then used in the final feasibility study to evaluate alternatives for the final
remediation of the operable unit.

STEP 12: FINAL FS FOR THE OU

The final FS for each OU is performed using the alternatives developed and
screened in the 100 Area Phase I/II FS, information from the focused feasibility
studies for IRMs, results of the IRMs, results of the treatability studies and
technology demonstrations, and the cumulative baseline risk assessment.
Modeling, if required, is performed as part of the detailed analysis. The studies
are documented in the RI/FS Reports (Step 13).

STEP 13: RI/FS REPORT

The RI/FS Report for each OU is a primary document which summarizes all
data collection.and study activities conducted during the final RI and FS phases
for the OU. The report supports development of the Proposed Remedial Action
Plan (Step 14) and the Operable Unit ROD (Step 15).

STEP 14: PROPOSED REMEDIAL ACION PLAN

The Proposed Remedial Action Plan for each OU presents a summary of all
information contained in the OU RI/FS Report and identifies the remedial action
selected for the OU. The Proposed Remedial Action Plan is brief and is written
in simple layman's terms, since it is used primarily to inform members of the
public. The primary reports generated during the process are referenced and a
preferred final remedy for operable unit remediation is recommended for the OU.

STEP 15: OPERABLE UNIT ROD

The OU ROD summarizes the RI/FS report as well as any changes to the
selected remedial action as a result of public comment on the proposed remedial
action plan. The OU ROD is a primary legal document certifying that the
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remedial action selection process was carried out in accordance with the

governing authority, i.e. CERCLA or RCRA, and committing the three parties to

perform the remedial action in accordance with its specifications. The OU ROD

presents a technical description of the remedial action; the final engineering,
institutional, and remedial goals; and site information. The OU ROD is written

and issued by the regulators.

STEP 16: REMEDIAL ACTION DESIGN REPORT

The remedial action design report for the OU is a secondary document and

provides engineering and technical specifications for implementing the remedial
action identified in the OU ROD.

STEP 17: REMEDIAL ACTION IMPLEMENTATION

The remedial action for the OU is implemented in a construction and
operations phase. Depending upon the timing of individual OU RODs and the

remedies selected for final remediation, the remedial action implementation

phases for two or more OUs may be aggregated.
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GLOSSARY

Background Concentration - The concentration of a regulated substance (and/or its
dissociated constituents) that:

" Is consistently present in the environment in the vicinity of a site; and

* Is either naturally occurring or the result of human activities unrelated to releases
from that site.

Half-Life - The time required for an unstable element or nuclide to decay to or lose one-half
of its radioactive intensity.

Operable Unit - A discrete portion of the Hanford Site, as identified in Section 3.0 of the
Hanford Federal Facility Agreement and Consent Order, First Amendment (Ecology, 1990).

Potential Contaminant of Concern - A regulated substance (and/or its dissociated
constituents) which:

* Was potentially released in the 100 Area,

* Has been detected in the environment at a concentration above the background
concentration,

" Has been detected at a concentration equal to or greater than a regulatory limit, and

" Is of toxicological significance.

Potential Release - The possibility for any spilling, leaking, pumping, pouring, emitting,
emptying, discharging, injecting, escaping, leaching, dumping, or disposing of a radionuclide
and/or chemical substance to the environment. All potentially released substances (and their
dissociated constituents) are assumed to be contaminants.

Radiological Inventory - An estimate of radiological materials and concentrations potentially
remaining in or released to a given source area.

Regulated Substance - All radiological substances, and those chemical substances (or
constituents) which may be subject to the regulatory requirements of any one of the
following:

* 40 CFR §302.4
* 40 CFR Part 761
* 40 CFR Part 300
* 40 CFR §§141.61 and 141.62

A-v



DOE\RL-92-11
Draft A

* WAC 173-340
" WAC 173-200.

Regulatory Contaminant of Concern - A regulated substance (and/or its dissociated
constituents) which:

" Was potentially released in the 100 Area,

" Has been detected in the environment at a concentration above the background
concentration, and

* Has been detected at a concentration equal to or greater than a regulatory limit.

Source - The contaminated soils, sediments, or sludges in the immediate area of a release of
a radionuclide and/or chemical substance.

Suspect Contaminant - A regulated substance (and/or its dissociated constituents) which:

" Was potentially released in the 100 Area, and

" Has been detected in the environment either in concentrations below background
concentrations or less than regulatory limits, or

" Is not toxicologically significant.
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1.0 PURPOSE

This report has been prepared to support the Phase I/II Feasibility Study (FS) being
conducted for the Hanford 100 Area. An essential element of the FS is to determine which
contaminants must be remediated as part of the environmental restoration program in the 100
Area. The purpose of this report is to present a consistent methodology for determining
potential contaminants of concern for use in evaluating remedial alternatives.

Contaminants of concern were identified in each of the draft 100 Area operable unit
work plans. However, the approach for determining contaminants of concern was not
consistent among the work plans. Therefore, one objective of this study was to provide a
uniform decision-making process for the entire aggregate area so as to arrive at a defensible
list of contaminants to be considered in the FS.

The results of this study are not intended to provide a final determination of
contaminants of concern. That determination will be made as a result of collecting additional
field data and conducting operable unit baseline risk assessments. Such risk assessments are
not within the scope of this Phase I/ll FS.

2.0 ORGANIZATION AND SCOPE

The determination of contaminants of concern for the 100 Area was conducted in two
phases. The first phase entailed: 1) identification of radiological and/or chemical substances
potentially released in the 100 Area and 2) comparison of concentration data with background
concentrations and established regulatory limits. The end-product of the first phase is a list
which is referred to as "regulatory contaminants of concern" (Table 1). Chapter 3.0 of this
report addresses this first phase of the effort.

The second phase, utilizing the results of the first phase, performed a qualitative
toxicity assessment. The purpose of this assessment in the second phase was to determine
which of the regulatory contaminants of concern were of toxicological significance. The
end-product of the second phase is a list of potential contaminants of concern to be used for
evaluating remedial alternatives (Section 5.0, Table 2). Chapter 4.0 of this report provides
the methodology and rationale for this second phase of the effort.

The following considerations form the fundamental bases upon which the decision
logic was derived. The first three items pertain to the first phase and the last item pertains
to the second phase.

* Radioactive half-life (radionuclides which have undergone ten half-lives were
assumed to have decayed sufficiently to be of little concern (Gloyna and Ledbetter
1969);
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* Comparison of sample concentration versus background concentration;

* Comparison of sample concentration versus the most stringent, established
regulatory limit, if any; and

* Toxicological characteristics.

Appendices AA through AD of this report provide data and rationale as backup to the
determination of the regulatory contaminants of concern. The contents of each of the
appendices are as follows.

* Appendix AA provides the resultant lists of regulatory contaminants of concern,
suspect contaminants, and contaminants eliminated from further consideration.

" Appendix AB compares the most stringent numerical regulatory limits with the
environmental sampling data for the regulatory contaminants of concern which
pass the decision logic.

* Appendix AC indicates which of the nonradiological, chemical contaminants are
regulated, and the regulatory authority for each.

* Appendix AD provides tables depicting how each contaminant passed through the
decision logic diagrams (Figures 1 and 2) and the critical decision point where it
was classified as a regulatory contaminant of concern, suspect contaminant, or
eliminated from further consideration.

Appendix AE of this report pertains to the qualitative toxicity assessment. The tables
in Appendix AE outline how each of the regulatory contaminants of concern passed through
the decision logic diagram (Figure 3).

2.1 SCOPE OF IDENTIFICATION OF POTENTIALLY RELEASED SUBSTANCES

Identification of potentially released substances was confined to a review and
evaluation of environmental data pertaining to the following two types of units.

* 100 Area Resource Conservation and Recovery Act (RCRA) Past-Practice (RPP)
units as detailed in RCRA Facility Investigation/ Corrective Measures Study
(RFI/CMS) draft work plans for the 100 Area

* Comprehensive Environmental Response. Compensation, and Liability Act
(CERCLA) Past-Practice (CPP) units as detailed in Remedial Investigation/
Feasibility Study (RI/FS) draft work plans for the 100 Area.
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Eleven RI/FS and RFI/CMS draft work plans were written for the priority liquid
waste operable units in the 100 Area (DOE 1990a-e; 1991a-f). Data were obtained from
these work plans to identify substances potentially released. For the remaining 14 operable
units for which no work plans have yet been drafted (primarily lower priority solid waste
units) the following sources of information were used:

" "Radiological Characterization of the Retired 100 Areas" (Dorian and Richards,
1978);

* "Estimates of Solid Waste Buried in the 100 Area Burial Grounds" (Miller and
Wahlen, 1987); and

* "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a).

Information on other units (e.g., RCRA treatment, storage, or disposal (TSD) units
and currently undesignated units) was not reviewed or included in the identification of
potentially released substances.

Key assumptions are listed as follows:

* The list of potentially released substances was derived from existing site data.
Any new sampling or monitoring data produced after the initiation of this task
were not considered.

* Sampling and monitoring data used were assumed to be of adequate quality to
support this effort. Data were not evaluated for adequacy. The 100 Area
documentation and environmental data reviewed for this report were compiled by
many different companies and organizations over a period of several decades.
Because of limitations on the scope of this project, no attempt was made to
determine the adequacy of the sampling methodology, monitoring well locations,
or laboratory quality assurance information.

* Only soils and groundwater data were evaluated. It is assumed that any
contaminants released as air emissions are present in surface soils through
deposition. Therefore, soils sampling data are assumed to account for past
atmospheric contaminant releases.

2.2 SCOPE OF REGULATORY CONTAMINANTS OF CONCERN
DETERMINATION

The determination of regulatory contaminants of concern is based upon five key
elements:
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" Data which show that a chemical or radionuclide was used or generated within an
operable unit and subsequently was released or potentially released to the
environment

* Regulatory status of radionuclides or chemicals and their constituents

" Sample concentration data

" Background concentration data

* Comparison of sample concentration data with background and regulatory limits.

Section 3.0 describes the details of the methodology used to determine which of the
contaminants potentially present at the site are of concern with respect to background
concentrations and regulatory limits.

2.3 SCOPE OF TOXICITY ASSESSMENT

The qualitative toxicity assessment further refines the contaminant of concern
determination by evaluating the toxicological significance of each regulatory contaminant of
concern. The toxicity assessment is based upon five key elements:

" Review of supplemental Environmental Protection Agency (EPA) guidance which
eliminates certain metallic contaminants based upon previous determinations of
low or negligible toxicity

" Determination of the carcinogenicity of each contaminant

* Determination of reference doses for each non-carcinogen

* Calculation of a hazard quotient for non-carcinogens based on an ingestion
exposure route

" Assessment of calculation results based upon EPA guidance on contaminant
screening.

Details of the methodology for the qualitative toxicity assessment are given in Section
4.0.
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3.0 REGULATORY CONTAMINANTS OF CONCERN

Decision logic diagrams were used to determine the regulatory contaminants of
concern and suspect contaminants. Figures 1 and 2 provide the decision logic diagrams for
nonradiological, chemical substances and radiological substances, respectively. Inputs used
in the decision diagrams include:

* Chemical and radiological substances used and/or released;
" Environmental sampling data;
" Regulatory limits and background concentrations; and
" Inventory and disposal records.

Suspect contaminants are contaminants that have been detected in environmental
samples in the 100 Area at concentration levels below background concentrations or below
regulatory limits. The suspect contaminant list identifies those contaminants for which
subsequent data collection can confirm whether or not the contaminants are present in
concentrations below regulatory concern. When subsequent data become available, the
suspect contaminants would be re-evaluated via the decision logic at the input box entitled
"Compile Environmental Sample Records" (see Figures 1 and 2).

Since the Phase I/il FS is divided by source, groundwater and N Area, the
contaminants were differentiated on the basis of groundwater versus source (e.g., soil)
operable unit contaminants. N Area contaminants were identified separately. Non-
radiological (chemical) contaminants were identified separately from radiological
contaminants.

Nonradiological contaminants were further categorized as:

" Metals;
" Nonmetallic inorganic ions and compounds;
" Volatile organic compounds; and
* Other organic compounds.

3.1 DECISION LOGIC DIAGRAM - NONRADIOLOGICAL, CHEMICAL
SUBSTANCES

Figure 1 provides the decision logic diagram for nonradiological, chemical substances
(and their respective dissociation constituents, if any). The following sections explain each
of the sequential steps and/or decision points in the diagram. Each of these points is
numbered on the diagram and listed as follows:
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The purpose of the suspect contaminant list is to retain the contaminants for re-
evaluation pending future field data collection. The additional data would be incorporated
into the input box entitled "Compile Environmental Sampling Records". The re-evaluation
would be used to confirm whether or not the contaminant concentrations are of regulatory
significance.

3.1.5 "Are Regulatory Limits Established?"

If the contaminant concentration exceeded an established background value or if the
background level was not known, then a check was made to determine whether there are
federal or state numerical limits established in the regulations. If there are no established
regulatory limits, the contaminant was entered as a regulatory contaminant of concern. If
there are established regulatory limits, contaminant concentrations were compared to those
limits in the next step of the decision logic. Section 3.6 lists the regulations from which the
numerical, regulatory limits were obtained.

3.1.6 "Does Contaminant Concentration Exceed Regulatory Limit?"

If there are numerical limits established in the regulations and the contaminant
concentration exceeds the most restrictive of those limits, the contaminant was entered as a
regulatory contaminant of concern. If there are established regulatory limits and the
contaminant concentration is lower than the most restrictive regulatory limit, the contaminant
was classified as a suspect contaminant. See Section 3.6 for further discussion of regulatory
limits and Appendix AB for comparisons between contaminant concentrations and regulatory
limits.

3.2 DECISION LOGIC DIAGRAM - RADIOLOGICAL CONTAMINANTS

All radiological contaminants known to have been generated in the 100 Area were
potentially released to the environment and were subjected to the decision logic diagram for
radiological constituents (Figure 2). The following subsections explain the sequential steps
and decision points in the logic diagram for radionuclides.

3.2.1 "Is the Half-Life More than Two Years?"

Radioactive half-life was used as a decision criterion for all reactor areas except the
N Area. Because operations in the N Area are more recent, half-lives were not used to
eliminate radionuclides from further consideration for that area.

For the other reactor areas in the 100 Area, short-lived radionuclides (i.e.,
radionuclides with half-lives less than two years) are assumed to have decayed to
concentrations well below the level of concern (Gloyna and Ledbetter 1969). That is, since
it has been more than 20 years since the last reactor was shut down, the radionuclides would
have undergone decay for at least 10 half-lives, which is sufficient to reduce concentration to
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Regulated under the State of Washington Ground Water Quality Standards (WAC
173-200).

Table AC-1, Appendix AC, lists all nonradiological, chemical contaminants known or
suspected to have been released in the 100 Area. All substances used in the 100 Area have
been assumed to have also been released and are, therefore, considered to be contaminants.
The purpose of the table is to indicate pertinent federal and state environmental regulations
applicable to the chemical substances.

In addition to substances used in the 100 Area, Table AC-1 also lists dissociation
constituents for those substances that readily dissociate in the environment, e.g., acids and
soluble salts.

For example, nitrate originating from nitric acid is considered as a distinct
contaminant, as is chromium originating from sodium dichromate.

If the chemical substance or its dissociation constituent is regulated, it passes to the
next decision point ("Are environmental data available?"). If not regulated, the contaminant
is eliminated from further consideration as a regulatory contaminant of concern. Table AA-
4, Appendix AA lists those contaminants which have been eliminated from further
consideration on this basis.

3.1.3 "Are Environmental Data Available?"

If a contaminant is regulated, the next decision point utilizes information contained in
the 100 Area work plans to determine whether or not environmental data exist for the
contaminant. If environmental data for the contaminant do not appear in the work plans, the
contaminant was considered a regulatory contaminant of concern because the concentration of
that contaminant in the environment cannot be shown to be below background concentrations
(diagram step 4) or regulatory limits (diagram step 5). If environmental data for the
contaminant appear in the work plans, the contaminant passed to the next step in the logic
diagram where environmental data were compared to established background concentration
values.

3.1.4 "Does Contaminant Concentration Exceed Background?"

This step compares environmental sample concentration data to established
background concentrations. If any sample concentration exceeded an established background
concentration value, the contaminant was passed on to the next decision point (Are regulatory
limits established?). If the contaminant concentration did not exceed an established
background concentration value, the contaminant was classified as a suspect contaminant.
Suspect contaminants are identified by the letter 'S' in the Appendix AA tables. Section 3.7
provides a discussion of background data.
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" "Unplanned-Release Sites (HISS Data Base)" (Stenner et al., 1988b)

" "Radiological Characterization of the Retired 100 Areas" (Dorian and Richards,
1978).

The estimated radiological inventories indicated in the Appendix AB tables represent
data collected from 1978 through 1986. The radionuclide inventories used in this report
were taken directly from the above listed sources of information and were not updated to

account for radiological decay occurring since the inventories were last documented.

Radiological inventories are not available for all waste units within each operable unit

and no attempt was made to estimate unavailable inventories. The inventories for each of the

waste units were totaled to yield a single inventory value for an individual operable unit.

3.4 POTENTIAL RELEASES

Potential release or disposal data are presented in Tables AB-1 through AB-10
(Appendix AB) and are only provided for informational purposes. The potential release data

were not used as a criterion for identifying regulatory contaminants of concern. That is, the

decision logic assumed that all chemicals and radionuclides known to have been used in the

100 Area were considered as potentially released to the environment. The release and

disposal information was obtained from:

* Operable unit draft work plans (DOE 1990a-e; 1991a-f)

* "Radionuclide Inventory and Source Terms for the Surplus Production Reactors at
Hanford" (Miller and Steffes, 1987)

* "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and
Walden, 1987)

* "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a)

" "Unplanned-Release Sites (HISS Data Base)" (Stenner et al., 1988b).

3.5 SAMPLE CONCENTRATION

A sample concentration column is included in the regulatory contaminants of concern
tables (Tables AB-1 through AB-10, Appendix AB). This column contains a range of
concentrations observed in groundwater or soil samples from the 100 Area for each listed
contaminant, if such data exist. The range consists of a minimum and a maximum
concentration and was derived from sampling data for all the listed operable units found to

contain that contaminant.
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insignificant values. Therefore, these radionuclides are no longer considered in the
contaminant of concern determination and were placed on Table A-4, Contaminants
Eliminated from Further Consideration (see Appendix AA).

For N Area, all radionuclides were retained, since sufficient time has not yet elapsed
for the short-lived radionuclides to have decayed.

3.2.2 "Are Environmental Data Available?"

This step follows the same approach as for chemical constituents.

3.2.3 "Does Radionuclide Concentration Exceed Background?"

This step follows the same approach as for chemical constituents.

3.2.4 "Are Regulatory Limits Established?"

This step follows the same approach as for chemical constituents, except that the
federal regulations used for this step consist of the primary drinking water standards (40 CFR
141) and the environmental radiation protection standards for management and disposal of
spent nuclear fuel, high-level and transuranic radioactive wastes (40 CFR 191, Radiation
Protection Standards), as excerpted in the Westinghouse Hanford Company "Environmental
Compliance Manual" (WHC-CM-7-5).

3.2.5 "Does Contaminant Concentration Exceed Regulatory Limit?"

This step follows the same approach as for the chemical constituents.

3.3 ESTIMATED RADIOLOGICAL INVENTORIES

Estimated operable unit radiological inventories are presented in Tables AB-1 and
AB-6 (Appendix AB). These inventories are only presented for informational purposes,
since the inventories were not used as a criterion for identifying regulatory radionuclide
contaminants of concern. The radiological inventories were obtained from:

" Operable unit draft work plans (DOE 1990a-e; 1991a-f)

* "Radionuclide Inventory and Source Terms for the Surplus Production Reactors at
Hanford" (Miller and Steffes, 1987)

* "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and
Wahlen, 1987)

* "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a)
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* Safe Drinking Water Act "Primary Drinking Water Rule" (maximum
contaminants levels) (40 CFR 141).

The Model Toxics Control Act Cleanup Regulation (MTCA) was used to derive state
regulatory limits for groundwater and soils for chemical constituents. Because the 100 Area
is considered as an environmentally complex site, the Method B formulae were used to
derive the state limits under MTCA.

In addition to limits derived by MTCA Method B, MTCA also may require
consideration of the federal SDWA Secondary Drinking Water Standards (40 CFR 143) and
the federal SDWA Drinking Water Standard maximum contaminant level goals (MCLGs) (40
CFR §141.50).

Maximum contaminant levels established by the Washington State Board of Health
(Chapter 248-54 Washington Administrative Code [WAC]) are also required under MTCA,
but are equal to or less stringent than the other regulatory limits required under MTCA.

If more than one state limit exists for a contaminant, the most restrictive state limit is

presented in Appendix B tables. For example, arsenic has a more restrictive state
groundwater limit (Washington Ground Water Quality Standards) (0.05 gg/L) than the
MTCA Method B limit of 50 ig/L. Therefore, the Washington Ground Water Quality
Standard for arsenic is given in the appropriate Appendix AB table.

In addition to currently codified SDWA MCLs, pending SDWA MCLs were utilized
as federal regulatory limits in this report. The effective dates for the revised MCLs are as
follows:

" Revised MCLs for cadmium, chromium, mercury, nitrate, and selenium will
become effective on July 30, 1992

" The revised MCL for lead will become effective on December 7, 1991

* The revised MCL for barium will become effective on January 1, 1993.

If a numerical regulatory limit does not exist for the contaminant, then the
contaminant was included by default as a regulatory contaminant of concern.

3.7 BACKGROUND CONCENTRATIONS

Established background concentrations given in the draft 100 Area work plans were
compared to sample concentrations. Background concentration values are presented in
Tables AB-1 through AB-10, Appendix AB and were obtained from:

& Operable unit draft work plans (DOE 1990a-e; 1991a-f)
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Some of the concentrations shown did not exceed the regulatory limits or background
levels. Additionally, environmental data are not available for many of the constituents. The
environmental data were obtained from:

* Operable unit draft work plans (DOE 1990a-e; 199la-f)

" "Treatability Investigation Work Plan for the 116-B-6A Crib ISV Demonstration
Project" (Campbell et al., 1990)

* "Soil Sampling Test Results for 1324-N Pond" (Chou, 1989)

* "Radiological Status of the Ground Water Beneath the Hanford Site: January-
December, 1981" (Eddy, et al., 1982)

* "Hanford Site Ground-Water Monitoring for January Through June 1988" (Evans,
et al., 1989)

" "UNC Environmental Surveillance Report for the 100 Areas - FY 1981"
(Greager, 1981)

* "UNC Environmental Surveillance Report for the 100 Areas FY 1886" (Jacques,
1987)

* "Hanford Site Environmental Report for Calendar Year 1988" (Jacquish and
Bryce [eds.], 1989)

* "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and
Wahlen, 1987).

3.6 REGULATORY LIMITS

Concentrations of contaminants from both groundwater and soil samples were
compared to the most restrictive state or federal regulatory limit to identify regulatory
contaminants of concern or suspect contaminants. Federal limits are available for a limited
number of groundwater contaminants. State and federal regulatory limits were obtained
from:

" "Washington Ground Water Quality Standards" (WAC 173-200)

* "The Model Toxics Control Act Cleanup Regulation" (WAC 173-340)

* Westinghouse Hanford Company "Environmental Compliance Manual"
(limits taken from 40 CFR 191) (WHC-CM-7-5)
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Diagram Description | Diagram Identifier

Chemical potentially released to the environment. I
Is contaminant regulated? 2
Mre environmental data available? 3
Does contaminant exceed background? 4
Are regulatory limits established? 5
Does contaminant exceed regulatory limit? 6

The final step, "Is contaminant of toxicological significance?", is addressed in

Chapter 4.0 of this report.

Each step of Figure 1 is explained in more detail in the following subsections.

3.1.1 "Chemical Potentially Released to the Environment."

All nonradiological, chemical substances known to have been used in the 100 Area

were considered as potentially released to the environment. That is, all chemical substances

and constituents identified in the draft 100 Area work plans and the documents listed in
Section 2.1 passed this step in the decision logic diagram.

3.1.2 "Is Contaminant Regulated?"

A chemical substance and/or its respective dissociation constituents was considered

regulated if it is subject to or listed under any one of the following: .

* Listed as a CERCLA hazardous substance (40 CFR §302.4). The statutory

sources for the designation of a substance as hazardous under CERCLA include:

- Clean Air Act and Amendments, Section 112
- Clean Water Act Sections 307(a) and 311(b)(4)
- Resource Conservation and Recovery Act (RCRA), Section 3001

" Subject to Toxic Substances Control Act regulation (40 CFR Part 761)

" Subject to National Oil and Hazardous Substances Pollution Contingency Plan
guidelines (40 CFR Part 300)

* Listed as having a Primary Drinking Water Standard maximum contaminant level
(MCL) (40 CFR §§141.61 and 141.62) under the Safe Drinking Water Act
(SDWA) (42 U.S.C. 300f et seq.)

* Regulated under the State of Washington Model Toxics Control Act (MTCA)
Cleanup Regulation (Chapter 173-340 Washington Administrative Code EWAC])
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" "Soil Sampling Test Results for 1324-N Pond" (Chou, 1989)

* "Status Report of Remedial Investigation of the Area 300 Process Ponds"
(Dennison, et al., 1988)

* "Hanford Site Ground-Water Monitoring for April Through June 1987" (Evans, et
al., 1988)

* "Hanford Site Ground-Water Monitoring for January through June 1988" (Evans
et al., 1989)

* "Hanford Site Environmental Report for Calendar Year 1988" (Jacquish and
Bryce (eds.), 1989)

* "Ground-Water Monitoring at the Hanford Site January-June 1988" (Pacific
Northwest Laboratory, 1989)

" "Characterization and Use of Soil and Groundwater Background for the Hanford
Site" (WHC, 1991).

3.8 DETECTION LIMITS

Detection limits vary over time due to the development of increasingly sensitive
instruments and analytical methods. Detection limits for the groundwater and soil quality
data reviewed in this report, if available, are shown in the detection limit column of the
regulatory contaminants of concern tables. Detection limits are provided for information to
help qualify data which are shown to be non-detect. The detection limits were obtained
from:

" Operable unit draft work plans (DOE 1990a-e; 1991a-f)

" "Hanford Site Ground-Water Monitoring April through June 1987" (Evans et al.,
1988)

* "Hanford Site Ground-Water Monitoring for January through June 1988"
(Evans et al., 1989)

* "Hanford Site Ground Water Surveillance 1989" (Evans et al., 1990).
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3.9 RESULTS AND CONCLUSIONS FOR REGULATORY CONTAMINANTS OF
CONCERN

Table 1 provides a summary listing of the regulatory contaminants of concern and
suspect contaminants. All contaminants listed as regulatory contaminants of concern are
further evaluated for toxicological significance in Chapter 4.0, Qualitative Toxicity
Assessment. The tables in Appendix AA provide additional detail regarding the regulatory
contaminants as follows:

" Table AA-1 presents the regulatory contaminants of concern and suspect
contaminants, sorted by operable unit, for all source operable units in the 100
Area, excluding N Area.

* Table AA-2 shows the regulatory contaminants of concern and suspect
contaminants, sorted by operable unit, for all groundwater operable units in the
100 Area, excluding N Area.

" Table AA-3 gives the regulatory contaminants of concern and suspect
contaminants for each of the N Area operable units.

* Table AA-4 lists the contaminants eliminated from further consideration based
upon the regulatory analysis.

Tables AA-1 through AA-3 indicate the specific operable units for which a
contaminant is either of concern or is suspect. However, care must be taken not to draw too

many conclusions from these tables. Important qualifiers should be considered when
evaluating these tables:

* Even though the tables indicate regulatory contaminants of concern and suspect
contaminants by OU, the actual determination of these was not performed on an
OU basis but on the 100 Area as a whole. For example, a contaminant may have
qualified as a regulatory contaminant of concern because it exceeded background
or the regulatory limit based on the highest concentration found in the 100 Area.
In this case, the contaminant was listed as a regulatory contaminant of concern for
each OU which reported that contaminant, even though the contaminant may not
have exceeded background or regulatory limits in that OU. Thus, if a
contaminant was listed as a regulatory contaminant of concern for a specific OU,
it does not necessarily mean that this contaminant was actually found to be present
in that OU in concentrations exceeding the levels of regulatory concern.

* The tables should be used for illustrative purposes to indicate the relative
frequency of occurrence of a contaminant.

* The tables do not indicate which operable units must be remediated.
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TABLE 1: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

ENVIRONMENTAL MEDIUM

POTENTIAL SOURCES GROUNDWATER N-AREA
CONTAMINANT (E.G., SOILS)

RADIONUCLIDES

Tritium C C C

Carbon-14 C C

Calcium-41 C C

Cobalt-60 C C C

Nickel-63 C C

Solanium-79 C C

Krypton-85 C C

Strontium-90 C C C

Zirconium-93 C C

Nlobium-94 C C

Technetium-99 C S C

Palladium-107 C C

Cadmium-113 C C

Ant[mony-i 25 S C

fodine-129 C C C

Cesium-134 C C

Ceslum-137 C S C

Samarium-1IS C C

Europium-152 C C

Europium-154 C S

Radium-226/228 C

Uranium-235/238 C C

Plutonium-238 C C C

Plutonium-239/240 C C C

Plutonium-241 C C

Americium-241 C C

METALS

Aluminum C C

Arsenic S C C

Badum S C C

C = POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE 1: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

ENVIRONMENTAL MEDIUM

POTENTIAL SOURCES GROUNDWATER N-AREA
CONTAMINANT (E.G., SOILS)

Beryllium S C C

Boron C S

Cadmium S C C

Chromium S C C

Cobalt C

Copper S S

Iron C

Lead C C C

Manganese C C C

Mercury S C

Nickel S S S

Sodium C C

Vanadium C S C

Zinc S S S

OTHER INORGANIC
COMPOUNDS/IONS

Ammonium/ C S
Ammonia

Asbestos C C

Chloride C C

Chlorine C

Cyanide C C C

Fluoride C C C

Hydrochloric Acid C

Nitrate C C C

Nitrite C C

Phosphoric Acid C

Sulfate C C C

VOCS

Acetone C S S

Banzane C

Chlorobenzane C

Chloroform S C C

C = POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

A-18



DOE\RL-92-11
Draft A

TABLE 1: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

ENVIRONMENTAL MEDIUM

POTENTIAL SOURCES GROUNDWATER N-AREA
CONTAMINANT (E.G., SOILS)

Ethylbenzene C

Mathylene S C
Chloride

Methyl isobutyl C
Ketone

Perchioro- C C C
ethylene
Toluene S

Trans -1,2- C
Dichloroothene

1,1,1-Trichiaro- S S
ethane

Trichloroothene S C

Xylenes. C

OTHER ORGANICS

Acetic Acid C C

Big (2-ethylhexyl) C
phthalate

Ethylenediamine C C

Ethylenediamine C C
tetrascetic acid
(EDTA)

Formic Acid C C

Hydrazine C C C

PCBS C C C

Petroleum Product./Dievel C C
oil

Tatraethylpyro- C
phosphate

Tetrahydrofuran C

Thiourea C C C

C = POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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The first phase of the effort determined which of the radionuclide and chemical
substances used in the 100 Area are of regulatory significance. However, while a
contaminant may be of regulatory significance (such as based on CERCLA reportable
quantities), it may not necessarily be of concern if the contaminant is not toxicologically
significant as it exists in the environment. In the RI/FS process, contaminants are evaluated
for toxicological significance by performing a toxicity assessment as part of a baseline risk
assessment. Since this preliminary FS effort does not have the benefit of a completed
baseline risk assessment, a second step is needed to at least qualitatively assess a
contaminant's toxicity so as to arrive at a more realistic contaminant list for purposes of
remedy assessment. This qualitative toxicity assessment step is the subject of Section 4.0
below.

4.0 QUALITATIVE TOXICITY ASSESSMENT

The qualitative toxicity assessment was performed on the regulatory contaminants
identified in Section 3.0 of this report. Assumptions, methodology and results are described
in the subsections below.

4.1 ASSUMPTIONS AND LIMITATIONS

The key assumptions and limitations regarding the qualitative toxicity assessment are
listed as follows:

" The assessment only considered risk-based factors; compliance with applicable or
relevant and appropriate requirements (ARARs) was not considered.

" Only regulatory contaminants of concern were assessed in the qualitative toxicity
assessment; suspect contaminants were not assessed.

* Contaminants dropped as a result of the toxicity assessment are placed on the
suspect list.

" Assumptions on carcinogenicity:

- All radionuclides were assumed to be carcinogenic,
- Carcinogens are defined by HEAST, Table B, or by IRIS as a Group A, Bl,

or B2 carcinogen,
- Petroleum products are assumed to be carcinogenic because of benzene,
- All carcinogens are assumed to be of toxicological significance and thus are

potential contaminants of concern.

* Assumptions for toxicity screening hazard quotient calculation (noncarcinogens):
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- The ingestion exposure route was assumed for all calculations (Equations 9 and
15 in EPA guidance).

- A hazard quotient of 0.1 was assumed for screening as recommended by EPA
guidance.

- The equations utilized combine ingestion by both children and adults.
- Individual hazard quotients were calculated for each contaminant; cumulative

effects were not considered.
- If an oral reference dose has not been established then the contaminant was

placed on the suspect contaminants list.
- For noncarcinogens with an established oral reference dose: if no sampling

data are available then the contaminant was assumed to be a potential
contaminant of concern as the hazard quotient could not be computed.

4.2 DECISION LOGIC

The purpose of the decision logic for the qualitative toxicity assessment is to
determine if the regulatory contaminants of concern are of toxicological significance. The
decision logic for the qualitative toxicity assessment is diagrammed in Figure 3. The
following sections explain each of the sequential steps and/or decision points in the diagram.
Each of these points is numbered on the diagram and listed as follows:

Diagram Description Diagram Identifier
"Known or suspected carcinogen?" 7
"Candidate for elimination per guidance?" 8
"Oral RfD in HEAST or IRIS?" 9
"Hazard Quotient greater than 1O7" 10

4.2.1 "Known or suspected carcinogen?"

Regulatory contaminants of concern are initially sorted on the basis of carcinogenicity
(see Step 7 of Figure 3). All radionuclides and Groups A, Bi, and B2 carcinogens are
assumed to be known or suspected carcinogens. Therefore, per step 7 of Figure 3, these
contaminants are included in the list of potential contaminants of concern. Noncarcinogens
are further assessed in Step 8 of the decision logic.

Information on the carcinogenicity of the regulatory contaminants of concern was
obtained from the Health Effects Assessment Summary Tables (HEAST)(EPA 1991) and
from the Integrated Risk Information System (IRIS) on-line database. The following are
descriptions of the groups of carcinogens as provided in HEAST (EPA 1991):

a Group A - Human Carcinogen (sufficient evidence of carcinogenicity in humans).
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Group B - Probable Human Carcinogen (B1 - limited evidence of carcinogenicity
in humans; B2 - sufficient evidence of carcinogenicity in animals with inadequate
or lack of evidence in humans).

4.2.2 "Candidate for elimination per guidance?"

Region X of the EPA has issued supplemental guidance for Superfund risk
assessments. This guidance was also incorporated into the Hanford Site Baseline Risk
Assessment Methodology document (DOE-RL 1991). The guidance states:

"Six inorganic constituents which are often analyzed for but which are not associated
with toxicity to humans under normal circumstances are aluminum, calcium,
magnesium, potassium, iron and sodium. No quantitative toxicity information is
available for these elements from EPA sources. These six elements can generally be
eliminated from the human health risk assessment at the screening stage based on
qualitative judgement." (EPA Region X 1991)

Noncarcinogenic, regulatory contaminants of concern were compared to this list of
six to determine which are candidates for elimination from further consideration in the
qualitative toxicity assessment. Contaminants thus eliminated were placed on the suspect
contaminants list.

4.2.3 "Oral RID in HEAST or IRIS?"

The next step in the qualitative toxicity assessment (Step 9) is to determine whether
an oral reference dose (RfD) has been established for the contaminant. The IRIS database
and HEAST were utilized as information sources for the reference doses. If an oral RfD has
not been established, then the contaminant was placed on the suspect contaminants list. The
supplemental guidance defines the RfD as "an estimate (with uncertainty spanning perhaps an
order-or-magnitude) of a daily exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects during a
lifetime" (EPA Region X 1991).

4.2.4 "Hazard Quotient greater than 0.1?"

The final step in the qualitative toxicity assessment was to compute a hazard quotient
(HQ) for each of the remaining contaminants and to compare the HQ to a screening value.
Standard default exposure factors, as established in the supplemental guidance, were utilized
in the calculations. An ingestion route of exposure was assumed, therefore Equations 9 and
15 from the guidance were utilized for the calculations (EPA Region X 1991).

The supplemental guidance states that contaminants can be eliminated from further
consideration in a risk assessment if the HQ is less than or equal to a screening value of 0.1
(EPA Region X 1991). The screening value has been conservatively set at 0.1 to account for
the possibility of multiple pathways and multiple contaminants which might result in
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cumulative effects. As shown in Figure 3, contaminants with a HQ less than or equal to 0.1
were placed on the suspect contaminants list.

An HQ could not be computed for contaminants which do not have available sampling
data. These contaminants were conservatively assumed to be potential contaminants of
concern in this report. Subsequently obtained sampling data will require a re-evaluation at
the input step labelled "Compile Environmental Sample Records" in Figures 1 and 2.

4.3 RESULTS OF THE QUALITATIVE TOXICITY ASSESSMENT

The tables in Appendix AE of this report outline how each of the regulatory
contaminants of concern passed through the qualitative toxicity assessment decision logic.
Table 2 in Section 5.0 below, presents the composite results after both the regulatory analysis
and the toxicity assessment, i.e., the final list of potential contaminants of concern and
suspect contaminants.

As indicated in Appendix AE, the following regulatory contaminants of concern were
determined not to be of toxicological significance. That is, on Table 1 the contaminant is
identified as a "C" (Regulatory Contaminant of Concern) but on Table 2 the contaminant is
identified as a "S" (Suspect Contaminant) as a result of the toxicity assessment.

Soils. Sludges. and Sediments (Sources)
aluminum
iron
sodium
chloride
sulfate
ethylenediamine tetraacetic acid (EDTA).

Groundwater
cobalt
sodium
chloride
hydrochloric acid
sulfate
EDTA.

N Area
aluminum
sulfate
tetraethylpyrophosphate
tetrahydrofuran.
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5.0 RESULTS AND CONCLUSIONS FOR POTENTIAL
CONTAMINANTS OF CONCERN

The final list of potential contaminants of concern represents a composite of those that
are both of regulatory and of toxicological significance. The final listing is given in Table 2
below. This list is generated for the purpose of assembling possible remedial alternatives.
That is, the contaminants identified are those which are most likely to require remediation if
subsequent field sampling programs and risk assessments show their concentrations in the
environment to result in unacceptable risk and/or are not in compliance with ARARs. The
list provided here should not be construed as representing any final determination or basis for
decision-making regarding selection of final remedies.
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TABLE 2: POTENTIAL CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

ENVIRONMENTAL MEDIUM

POTENTIAL SOURCES GROUNDWATER N-AREA
CONTAMINANT (E.G., SOILS)

RADIONUCLIDES _
Tritium C C C

Carbon-14 C C

Caicium-41 C C

Cobalt-60 C C C

Nickel-63 C C

Selanium-79 C C

Krypton-85 C C

Strontium-90 C C C

Zimronium-93 C C

Niobium-94 C C

Technetium-99 C S C

Palladium-107 C C

Cadmium-113 C C

Antimony-I 25 S C

lodine-129 C C C

Cesium-134 C C

Cesium-i 37 C S C

Samarium-11 C C

Europium-152 C C

Europium-154 C S

Radium-226/228 C

Uranium-236/238 C C

Plutonium-238 C C C

Plutonlum-2391240 C C C

Plutonium-241 C C

Americium-241 C C

C = POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE 2: POTENTIAL CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

ENVIRONMENTAL MEDIUM

POTENTIAL SOURCES GROUNDWATER N-AREA
CONTAMINANT (E.G., SOILS)

METALS

Aluminum S S

Arsenic S C C

Barium S C C

Beryllium S C C

Boron C S

Cadmium S C C

Chromium S C C

Cobalt S

Copper S S

Iron S

Lead C C C

Manganese C C C

Mercury S C

Nickel S S S

Sodium S S

Vanadium C S C

Zinc S S S

OTHER INORGANIC
COMPOUNDSIIONS

Ammonium/ C S
Ammonia

Asbestos C C

Chloride S S

Chlorine C

Cyanide C C C

Fluoride C C C

Hydrochloric Acid S

Nitrate C C C

Nitrite C C

Phosphoric Acid C

Sulfate S S S

C = POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE 2: POTENTIAL CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

ENVIRONMENTAL MEDIUM

POTENTIAL SOURCES GROUNDWATER N-AREA
CONTAMINANT (E.G., SOILS)

voC. I I

Acetone C S S

Benzene C

Chlorobenzene C

Chioroform S C C

Ethylbenzenm C

Methylena S C
Chloride

Methyl Isobutyl C
Ketone

Perchloro- C C C
ethylene

Toluene S

Trans -1,2- C
Dichloroethene

1.1,1-Trichioro- S S
ethene

Trichloroethane S C

Xylan C

OTHER ORGANICS

Acetic Acid C C

Bis (2-athyhexyl) C
phthalate

Ethylanodlamine C C

Ethylenediamine S S
tetraacetic acid
(EDTA)

Fomi Acid C C

Hydrazine C C C

PCBS C C C

Petroleum C C
Products/Diesel oil

Tetraethylpyro- S
phosphate I

Tetrahydrofuran S

Thiourea C C C

C = POTENTIAL CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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APPENDIX AA
SUMMARY TABLES OF

REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS
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TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN

AND SUSPECT CONTAMINANTS

REFERENCES: 100-AREA DRAFT WORK PLANS;
DORIAN AND RICHARDS, 1978

CONTAMINANT BC-i BC-2 BCS BC-4 HR-I l-R-2 KR-I KR-2 KR-S DR- DR-2 DRS FR-i FR-2E l?3  II _____ *OPERABLE UNiT~* __ -
RADIONUCLIDES

Tritium C C C C C C C C C C

Carbn1 C C

Calcium-41 C

Cobalt-60 C C C C C C C C C C C C

Nickel-63 C C C C C C C C

Selenium-79 C

Krypton-85 C

Strontium-90 C C C C C C C

Zirconium-93 c

Nloblum-94 C

Technetium-99 C C C C C

Palladium-107 C

CadmIum-113 C

lodine-1 29 C

Cesium-i34 C C

Ceslum-137 C C C C C C C C C

Samadum-151 C

Eurpium-162 C C C C C C C C C C C

Europium-154 C C C C C C , C C C C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

(J)
-p.-

i
0
ti



TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

OPERABLE UNIT

CONTAMINANT _C- _ _- _C- _C- _ _1H- R1 K- R3 DA D-2 D- R1

____________ 11 1 1___ I L ...... ~ II __

Uranium-2351238 C C C

Plutonium-236 C C

Plutonium-239/240 C C C C C C

Plutonium-241 C

Americium-241 C C

METALS - ____ .... ___I___

AC

kAluminum 

c

Arsenic S S

Barium S S

Beryllium S

Boron C

Cadmium S S S S S S

Chromium S S S S S S S

Copper s S

fron C

Lead C C C C C C C C C

Manganese C C

MeruyS S s S

Nickel S s

Sodium C C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

LA

00



TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

OPERABLE UNIT

CONTAMINANT SC-i SC-2 BC-3 BC-4 HR-1 HR-2 KR-1 KR-2 KR-3 DR-i DR-2 DR-S FR-I FR2

Vanadium __ Li_11Cli
OTHER INORGAI
COMPOUNDS/IONS

Ammonium/Ammonie C C

Asbestos C

Chloride C

Cyanide C C

Fluoride C C C C C

Nitrate C C C C C C C

Nitrte C

Sulfate C C C

VOCS

Acetone C

Chloroform S

Methylene S
Chloride

Perchloroathylene C

1,1,1-Trichloro- S
ethane

Tdchoroethene S

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

ON

0'-a

t
0
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TABLE AA-1: SOURCE OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

OPERABLE UNIT

CONTAMINANT IBC-1IC1 BC-Sj BC-4 JHR-i HR-2j RIJR2 RS RI R2jD-jF-jF-

OTHER ORGANICS I . ~ ~ LL I
Acetic Acid C

Ethylenediemine C

Ethylenediamino C
tetrancetic acid
(EDTA)

Formic Acid C

Hydrazine C

Pcas C C C

Petroleum C C
Products/DiesI oll

Thiourca C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

is)

0

0,
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TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN

AND SUSPECT CONTAMINANTS

REFERENCES: 100-AREA DRAFT WORK PLANS;
DORIAN AND RICHARDS, 1978

CONTAMINANT OPERABLE UNIT

RADIONUCLIDES Bc-s HRSjK-

Tritium C C C

Carbon-14 C C

Calcium-41 C

Cobalt-GO C C C

Nickel-63 C C C

Selenium-79 C

Krypton-85 C

Strontium-SO C C C

Zirconium-93 C

Niobium-94 C

Technetium-99 S S S

Palladium-107 C

Cadmium-113 C

Antimony-125 S

Iodine-129 C

Cesium-137 S S S

Samarium-l5l C ]E

Europium-152 C C C

Europium-154 S S S

Uranium-235123B C

Uranium-238 C

Plutonium-238 C

Plutonium-239/240 C C

Plutonium-241 C

Americium-241 C C

C - REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT

A-38



DOE\RL-92-11
Draft A

TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

CONTAMINANT OPERABLE UNIT

METALS BC-5 HR-3 KR-4

Arsenic C

Barium C

Beryllium C

Boron S S S

Cadmium C C

Chromium C C C

Cobalt C

Copper S S

Lead C C C

Manganese C

Mercury C C C

Nickel S

Sodium C C

Vanadium S

Zinc S S

OTHER INORGANIC BC-5 HR-3 KR-4
COMPOUNDS/IONS

Ammonium/Ammonia S

Asbestos C

Chloride C

Chlorine C C

Cyanide C

fluoride C

Hydrochloric Acid C

Nitrate C C C

Nitrite C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE AA-2: GROUNDWATER OPERABLE UNITS:
REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

CONTAMINANT OPERABLE UNIT

Sulfate C C C

VOLATILE ORGANIC BC-5 HR-3 KR-4
COMPOUNDS

Acetone S

Chloroform C

Percholothlyene C
(Tetrachloroethene,
Tertachloroethlyene)

1,1, 1-Trichloroethane S

Trichloroethene C C

OTHER ORGANICS SC-5 HR-3 KR-4

Acetic Acid C

Ethylenediamine C

Ethylenediamine totraacetic C
Acid

Formic Acid C

Hydrazine C

PCBs C C

Thiourea C

o = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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100-N AREA: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS

REFERENCES: 100-AREA DRAFT WORK PLANS;
DORIAN AND RICHARDS, 1978.

CONTAMINANT OPERABLE UNIT

RADIONUCLIDES NR-1 NR-2

Tritium C

Cobalt-60 C

Strontium-90 C

Technetium-99 C

Antimony-125 C

lodine-129 C

Cesium-134 C

Cesium-137 C S

Radium-226/228 C

Piutonium-238 C

Plutonium-239/240 C

METALS NR-I NR-2

Aluminum C

Arsenic C

Barium C

Beryllium C

Cadmium C

Chromium C

Lead C

Manganese C C

Nickel S

Vanadium C C

Zinc S

INORGANIC COMPOUNDS/IONS NR-1 NR-2

Cyanide C

Fluoride C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE AA-3: 100-N AREA: REGULATORY CONTAMINANTS OF CONCERN
AND SUSPECT CONTAMINANTS (CONTINUED)

CONTAMINANT OPERABLE UNIT

Nitrate C

Phosphoric Acid C

Sulfate C

VOLATILE ORGANIC COMPOUNDS NR-1 NR-2

Acetone S

Benzene C

Chlorobenzene C

Chloroform C C

Trans- 1,2-dichloroethene C

Ethylbenzeno C

Methyl isobutyl ketone C

Methylene Chloride C C

PerchloroethlVene (Tetrachloroethene, C
Tetrachloroethylene)

Toluene S S

Xylenes C

OTHER ORGANICS NR-1 NR-2

Bis(2-ethylhexvi) phthalate C C

Hydrazine C

PCBs C

Petroleum Products, Dieset Oil, etc. C

Tetraethylpyrophosphate C

Tetrahydrofuran C

Thiourea C

C = REGULATORY CONTAMINANT OF CONCERN
S = SUSPECT CONTAMINANT
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TABLE AA-4: CONTAMINANTS ELIMINATED FROM FURTHER CONSIDERATION

Radionuclides
Chromium-51
Manganese-54
Zinc-65
Ruthenium-103
Ruthenium-1 06
lodine-131
Cerium-144
Europium-1 55

Metals
Calcium
Lithium
Magnesium
Molybdenum
Palladium
Potassium
Silicon
Strontium
Titanium
Zirconium

Volatile Organic Compounds
Hexane

Nonvolatile Organic Compounds
CholIne Chloride
Citric Acid
Citric Acid Solutions, Ammoniated
Cyclotetrasiloxane, octomethyl
Deoxylcholic Acid
Diethanolamine
Diethylthiourea
Mercaptoacetic Acid
Morpholine
Oxalic Acid
Sodium Acetate
Sodium Citrate
Sodium EDTA
Sodium Formate
Sodium Oxalate
Trichloroacetic Acid
Urea

Inorganic Compounds
Ammonium Monohydrogen

Orthophosphate
Ammonium Ceric Sulfate
Ammonium Hydrogen Fluoride
Ammonium Persulfate
Boric Acid
Ferric Oxide
Graphite
Hydrobromic Acid
Hydroiodic Acid

Hydrogen Peroxide
Hydrophosphorous
Acid
Lithium Fluoride
Monohydrogen
Orthoarsenate
Perchloric Acid
Peroxide
Phosphomolybdic Acid
Phosphorous Pentoxide
Potassium Borate
Potassium Chloride
Potassium Nitrate

Sodium Aluminate
Sodium Carbonate
Sodium Chloride
Sodium Hydrosulfite
Sodium Hydroxide
Sodium Hydrophosphite
Sodium Nitrate
Sodium Sulfamate
Sodium Sulfate
Sodium Sulfite
Sulfamic Acid
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APPENDIX AB
REGULATORY CONTAMINANTS OF CONCERN

ENVIRONMENTAL SAMPLING DATA
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE'
UNITS INVENTORY BACKGROUND

RANGE "ev CONCEN-
(Qude) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATION"' RANGE

TYPE CONCENTRA- LIMITr' LIMIT" LIMIr (pC/L)
TION RANGE- RANGE (pCIL) (pCI/L)

(Curia)_ (pCi/L) (pCI/LI

Tritium BC-1c-, Tritium Well, Seeps 500 - 459,000 500 20,000 2 0,0 00N 200 1,3,4
BC-2 t , 10.208 - (Washingtor (Primary
BC-3L, 11,000 State Drinking
BC-4LW, Ground Water Limit)
BC-5'.', (BC-1, BC-2, Water

DR-1, DR-3 BC-3, BC-4, BC-5, Quality
Ffl-1, FR-2, DR-1, DR-3, FR-, Standards)
HR-1, HR-3. FR-2, HR-1, HR-3,
KR-I, KR-2, KR-1 KR-2, KR-4,
KR-4, NR-I NR-Il

(DR-2 Operable
Unit contains an

Inventory less
than one Curie)

Carbon-14 BC-4, BC-5, Carbon-14 Well NAN NA NA 2800 NA 1,2
KR-2, KR-4 10.056 - 2201 (DDE Order

5400.5)
(8C-4, BC-5
KR-2, KR-41

(DR-1, HR-I, KR-1
Operable Units

contain
inventories less
than one Curio)

Calcium-41 KR-1, KR-4 Used In Operable NA NA NA NA 4000 NA 1,3,4
Unit KR-1, KR-4 (DOE Order

SI I I 1 15400.5

See footnote key at end of table.

0

-p-
Li'

0
0
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.

0

0~

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGEmecs CONCEN-
(Curiel SAMPLE SAMPLE DETECTION STATE FEDERAL TRATIONu RANGE

TYPE CONCENTRA- LIMIT"' LIMIT" LIMIT" (pci/LI
TION RANGE"" RANGE (pCi/L) (pCI/L)

(pci/L) (pCilL)

Cobalt-60 BC-1, BC-2, Cobalt-60 Well, Seepi 22.5-554 22.5 NA 200 NA 1,2,3
BC-3, BC-4, [1.01128 - (DOE Order
BC-S, FR-i. 767.31 5400.53
FR-2, DR-1.
DR-2, DR-3, (BC-1, BC-2,
HR-1, HR-3, BC-3, BC-4, BC-5,
KR-i, KR-2, FR-1, FR-2, DR-1,

KR-4, DR-2, DR-3, HR-1,
NR-1" HR-3, KR-i, KR-2,

KR-4. NR-i)

NickeI-63 BC-1, BC-2, Nickel-63 NA NA NA NA 12.000 NA 1,2
BC-4, BC-5, [16 - 144.21 (DOE Order
DR-1, DR-S, 6400.5)
FR-2, HR-1. (BC-1, BC-2.
HR-3, KR-1, BC-4, BC-S, DR-1,

KR-4 DR-3, FR-2, HR-1,
HR-S. KR-I. KR-4

Slenlum-79 HR-1, HR-3 Used In Operable NA NA NA NA 800 NA 1,3,4
Unit HR-1, HR-3 (DOE Order

1 5400.5)

Krypton-A HR-I, HR-S Used in Operable NA NA NA NA NA NA 1,3,4
Unit HR-i, HR-S

0
0



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCEM
UNITS INVENTORY BACKGROUND

RANGEKM-m CONCEN-
(Curde) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATIONMI RANGE

TYPE CONCENTRA- LIMIT' LIMIT" LIMIT" (pCi/L)
TION RANGE"' RANGE (pCi/L) (pCI/IL

(pCI/LI (p0i/LI

Strontium-90 BC-i, BC-2, Strontium-90 Well, Seeps 5- 5 - a 8 236 * 102 1,2,3
BC-5, FR-, (0.35884 - 22.11 23,400 (Washingtor (Primary
FR-2, HR-1, State Drinking
HR-2, HR-3, (BC-1, BC-2. Ground Water

KR-i, BC-5, FR-1, FR-2, Water Standard)
KR-2", HR-I, HR-2, HR-3 Quality
KR-4"", KR-I, KR-4) Standards)
NR-I "m

(BC-4, BC-5,
DR-1, DR-2

Operable Units
contain

Inventories less
than one Curi)

Zirconium-93 HR-1, HR-3 Used In Operable NA NA NA NA 3600 NA 1,3,4
Unit HR-1, HR-3 (DOE Order

5400.5)
Niobium-94 HR-i, HR-3 Used in Operable NA NA NA NA 1200 NA 1.3,4

Unit HR-i, HR-3 (DOE Order
5400.5)

Palladium-107 HR-1, HR-3 Used In Operable NA NA NA NA 40,000 NA 1,3,4
Unit HR-i. HR-3 (DOE Order

I___ _ 1615400.5

Cadmium-1 13 HR-1, HR-3 Used in Operable NA NA NA NA 32 NA 1,3,4
Unit HR-1. HR-3 (DOE Order

________ ________ 5400.5)

Iodine-129 KR-1, KR-4, Used In Operable NA NA NA NA 20 NA 1,3,4
NR-i Units KR-1, NR-1 (DOE Order

5400.5)

See footnote key at end of table.

0
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0
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.

CONTAMINANT
OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"'

UNITS INVENTORY BACKGROUND
RANGE"m-" CONCEN-

(Curia) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATION"' RANGE
TYPE CONCENTRA- LIMIT 0  LIMIT" LIMIT" (pCIJL)

TION RANGE " RANGE (pCI/L) (pCIIL)
(pCi/L) (pCi/LI

Cesium-134 NR-1 Cesium-134 NA NA NA NA 80 NA 1,3,4
[0.00001 - 141 (DOE Order

5400.5)
(NR-1)

(BC-1, DR-1.
DR-2, HR-1, KR-I

Operable Units
contain

inventories less
than one Curie)

Samadurn-151 HR-I, HR-3 Used in Operable NA NA NA NA 16,000 NA 1,3,4
Unit HR-i, HR-3 (DOE Order

5400.5)

Europium-152 BC-1 Europlum-152 Well 8.7 X 10 NA NA 800 NA 1,2,3
BC-2", [0.02285 - - 1.3 X 10' (DOE Order

BC-4, 729.571 5400.5)
BC-B".

DR-1, DR-3, (BC-I, 8C-2,
FR-I", BC-4, DR-1, DR-3.

FR-2, HR-1. FR-i, FR-2, HR-1,
HR-2, HR-3, HR-2, HR-3, KR-1,
KR-1, KR-2, KR-2, KR-4)

KR-4
(DR-2 Operable
Unit contains
Inventory less

than one Curie)

0
0



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.

'0

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE&&C CONCEN-
(Cude) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATIONI RANGE

TYPE CONCENTRA- LMIr' LIMIT" LIMIT" (pCI/LI
TION RANGE" RANGE (pC/L) (pCI/LI

_____________(pOWL) (pCiIL) _____

Radlum-226/228 NR-1 Used In Operable NA NA 0.2 5 4 0.2 1,3,4
Unit NR-t (Washingtor (DOE Order

State 5400.5)
Ground
Water

Quality
I_____ Standards)

Uranium-235/238 DR-i", Uranium Well 0.156-414 NA NA 24 NA 1,3
HR-3 (Unspecifled) (DOE Order

(0.04343 - 5400.5)
0.3219911

(BC-1, BC-2,
FR-I, KR-, HR-I

Operable Units
contain Inventory
ranges less than

one Curia)

Uranium-238 HR-3" Uranium-238 Well 3.1 x 101 0.5 NA 24 NA 1,3
(0.024 - - 66 (DOE Order
0.09051 5400.5)

(BC-1, BC-5
Operable Units

contain Inventory
ranges less then

one Curia)

00

'0

I-



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE"c" CONCEN-
(curie) SAMPLE SAMPLE DETECTION STATE FEDERAL TRATION"' RANGE

TYPE CONCENTRA- LIMIT'0' LIMIT" LIMITO (pC0/I)
TION RANGE" RANGE (pCI/I) (pCI/L)

_________ _____________(pCI/Li (PCi/LI _____

Plutonium-235 BC-2", Plutonium-238 Well, Seeps 2.3 x 10 NA NA 1.6 NA 1,3
BC-5, NR-i (0.005 - -1.9 x 101 (DOE Order

420.1951 5400.5)

(BC-2, NR-1

(BC-I, BC-S,
DR-1, HR-1. KR-i,

Operable Units
contain Inventory
ranges less than

one Cu--e)- - - - - - - - - - - - - - - - - - - - - - - -

Plutonlum-239/240 BC-1, BC-2, PlutonIum- Well, Seeps 5.8 x 10 NA NA 1.2 NA 1,3
BC-5, 239/240 - 110 (DOE Order

FR-1" [3.4 x 104 - 20.6 5400.5)
KR-1. KR-4,

NR-1I (BC-1, 8C-2,
BC-S, KR-1, KR-4,

NR-1)

(BC-5, DR-1,
DR-2, FR-1, FR-2,
HR-1, KR-2, KR-4

Operable Units
contain inventory
ranges less than

one Curie)

Plutonlurn-241 HR-1, HR-3 Used in Operable NA NA NA NA 80 NA 1,3,4
Unit HR-1, HR-3 (DOE Order

5400.5)

mericum-241 HR-1, HR-3, Used in Operable NA NA NA NA 1.2 NA 1.3,4
KR-1, KR-4 Unit HR-i, HR-3, (DOE Order

KR-I 5400.5)

See footnote key at end of table.
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA
FOOTNOTE KEY

A Only indicates inventory in greater than Curie quantities.

Inventory range (in brackets) includes the minimum and maximum inventories for the
listed operable units (in parentheses). For a single operable unit, the inventories for each
waste unit within that operable unit were totaled to generate a single value.

c Inventories are not available for all the waste units.

D Radionuclide concentration has not been decayed to the present.

E Range includes the minimum and maximum concentrations in picoCuries per liter
(pCi/L) found in water samples for the listed operable unit(s). Evaluated groundwater
data collected between 1978 and 1986.

Concentration based on both filtered and unfiltered samples.

4 A single value indicates the minimum detection limit in picoCuries per liter (pCi/L) for
all the groundwater quality detection limit concentrations in pCi/L for all the
groundwater quality data reviewed.

H Most restrictive concentration in picoCuries per liter (pCi/L) which was obtained from
the Washington Ground Water Quality Standards.

Most restrictive concentration, in picoCuries per liter (pCi/L), which was obtained from
the federal water quality standards 40 CFR 141 or DOE Order 5400.5 (DOE, 1990).
Enforcement limits may exceed these values when the natural groundwater quality
exceeds the criteria or when other exceptions contained in WAC 173-200-050(3)(b) apply.

Background concentration in picoCuries per liter (pCi/L) from Pacific Northwest
Laboratory, 1989; and Evans et al., 1989.

K Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

L Present in concentrations above state and/or federal limits.

M Present in concentrations above Hanford site background concentrations.

N The average annual concentration assumed to produce a total body or organ dose of 4
mrem/year.

0 NA = Not Available

A-51
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TABLE AB-2: GROUNDWATER METALS DATA

See footnote key at end of table.

Ut
N

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASES" BACKGROUND

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION
Quantities) TYPE CONCEN- LIMIT" LIMIT LIMIT" s (ugIU

TRATIONDA (piL) (ig/L) (pIL)
RANGE

WpIL)

Arsenic FR-1' 4J, Arsenic Well 6-10 0.2 0.05 50 3.9 * 2.4 1
HR-1, HR-3, (HR-1, HR-3) (Washington (Primary

NR-1 Used in Operable State Ground Drinking
units FR-1, NA-1 Water Water Limit)

Standards)

Beryllium HR-1, HR-3 Beryllium NA- NA 0.3 80 NA 0.3 1
NR-1 (NR-1) (Model Toxic.

Control Act -
Beryllium Sulfate Method B)

(HR-1, HR-3)

Barium FR-1, HR-1, Barium (FR-i, Wel 11-1010 6 800 2000 42 * 20 1
HR-3, NR-i, HR-i, HR-3, (Model Toxics (Primary

NR-2 NR-1, NR-2 Control Act - Dflkdng
Barium Method B) Water Limit)

Perchlorate
(HR-1)

Cadmium BC-2, BC-4 Cadmium Well 2-103 0.2 0.5 5 < 0.2 1,3
BC-5. DR-3 (BC-2, BC-4, (Model Toxic. (Primary
FR-1. FR-2 BC-5, DR-3, FR-1. Control Act - Ddlnking
HR-1, HR-2 FR-2, HR-I, HR-2, Method B, Water Limit)

HR-3 HR-3, NR-i, MCLG)
NR-I'A NR-2}

NR-2

O
tj
0



9 . ) -I

TABLE AB-2: GROUNDWATER METALS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASES" BACKGROUND

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION
Quantities) TYPE CONCEN- LIMIT'o LIMIr LIMITO WilI

TRATiON" (/LI (pg/L) (pig/L)
RANGE
p/L)

Chromium BC-1, BC-2 Chromium Well < 10 - 1690 2-10 50 100 4.0 * 2.0 1.3
BC-51A (BC-2, BC-5, (Washington (Primary
DR-I" DR-1. FR-1, HA-1, State Ground Drinking

DR-2 HR-3, KR-4, Water Water Limit)
FR-" NR-1) Standards)
HR-1

HR-3" Chromic Acid
KR-I (BC-1, BC-2)

KR-4 4 '  Used In BC-5,
NR-1 DR-1, HR-1)

Sodium
Dichromate
(BC-1, BC-2,
BC-5, DR-1,

DR-2, FR-1, HR-1.
KR-1

Potassium
Dichromate was

used in HR-1

Cobalt HR-i, HR-3 Cobalt (HR-1, NA NA NA NA NA NA
HR-3)

Lead SC-2, BC-4 Lead (BC-2, BC-4, Well 26 0.5 22.4 50 < 0.5 1,3,4
SC-S, DR-3 BC-5, DR-3, FR-2, (Modal Toxics
FR-2. HR-i HR-1, HR-2, Control Act -
HR-2, KR-4 HR-3, KR-4, Method B)

HR-304  NR-1
NR-1

Lead Acetate
Battery Fluid

(NR-1)

Lead Cadmium
Poison Slugs
(8C-4, DR-3,
FR-2, HR-2)

See footnote key at end of table.
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TABLE AB-2: GROUNDWATER METALS DATA (CONTINUED)

See footnote key at end of table.

0

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE
UNITS RELEASESW BACKGROUND a

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION
Quantities) TYPE CONCEN- LIMITO LIMITa LIMIT"

TRATION- 0  ipg/L) (pgJL) ipgJLI
RANGE
(p/LI

Manganese FR-1, HR-I Manganese Well 6-4350 5 50 NA 7.0 ± 5.0 1,3,4
HR-3, NR-1 (HR-1, HR-3I (Washington

NR-2 State Ground
Used in FR-1, Water
NR-1, NR-2 Standards)

Mercury BC-2, BC-4 Mercury (BC-2. NA NA 0.1 2 2 < 0.1 1,3
BC-S, HR-I BC-4, BC-5, KR-4) (Washington (Primary
HR-3, KR-4 State Ground Drinking

Mercury Chloride Water Water Limit)
(HR-1, HR-3) Standards)

Mercuric Nitrate
used in HR-1

a,

0a
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TABLE AB-2: GROUNDWATER METALS DATA
FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received the waste constituent in
greater than one kilogram quantities. Also given are operable unit(s) in which the
contaminant was used in unknown quantities.

Range includes the minimum and maximum concentrations in micrograms per liter
(gg/L) for the listed operable units. Evaluated ground water data was collected between
1978 and 1986.

c Concentration based on filtered samples.

" Range includes the minimum and maximum detection limit concentrations in micrograms
per liter (gg/L) for all the groundwater quality data reviewed.

B Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

Concentration, in micrograms per liter (1g/L), which was obtained from drinking water
regulation 40 CFR 141.

Background concentration for the Hanford site, in micrograms per liter (pg/L), from
Pacific Northwest Laboratory, 1989, and Evans et al., 1989.

- "Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

Present in groundwater above state and federal standards.

Present in groundwater above Hanford site background concentrations.

K Not available.

A-55
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS RELEASES'u BACKGROUND

(Kilogram CONCENTRA-
Quantities) SAMPLE SAMPLE DETECTION STATE FEDERAL TIONn

TYPE CONCENTRA- LIMIT" LIMIT' LIMIT (pg)L)
TION RANGE" (pg/L) (pg/L) (pg/L)

(pg/L}
Asbestos BC-2. BC-5 Asbestos used NA'a NA NA NA 7w NA 1

in (BC-2, BC-5) (Pimary
Dunkiclng

Water Limit)

Chloride FR-1, HR-1. Aluminum NA NA 500 250,000 NA 10.300 1
HR-3, FR-2 Chloride (HR-1) (Washington 6,500

State Ground
Mercuric Water Quality
Chloride Standards)

(HR-1, HR-3)

Nickel Chloride
(HR-1, HR-3)

Potassium
Chloride (FR-2)

Sodium Chloride
(HR-1, HR-3)

Chlorine (HR-1)
Used in BC-2

Perchloric Acid
(HR-1, HR-3

Hydrochloric
Acid

(HR-1, HR-3)
Used In BC-2,

DR-I

Chlorine BC-2, Chlorine (HR-1, NA NA NA NA NA NA
BC-5. HR-3)

HR-1, HR-3 Used in BC-2

0
See footnote key at end of table.
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCER
UNITS RELEASESuu BACKGROUND

(Kilogram CONCENTRA-
Quantities) SAMPLE SAMPLE DETECTION STATE FEDERAL TION"

TYPE CONCENTRA- LIMITr LIMIT'o LIMIT (pmuL)
TION RANGEA (pg/LI fpgl/) (pg/L

_( /L)

Cyanide HR-1, HR-3 Cupric Cyanide NA NA 10 320 NA < 10 1
Used in HR-1 (Model Toxics

Control Act -

Cyanide (HR-1, Method B)
HR-3)

Potassium
Cyanide Used in

HR-I

Sodium Cyanide
Used in HR-1

Fluoride DR-1. FR-i. Fluoride Well 1300-2950 500 2,000 4000 370 t 100 1
HR-1, (DR-1, FR-I, (Model Toxics (Primary

HR-3t, HR-3) Control Act - Drinking
NR-i Method B) Water Limit)

Floride Test (Secondary
Solution Drinking
(NR-1) Water Limit)

Ammonium
Fluoride
(HR-1)

Ammonium
Hydrogen

Fluoride (HR-1

Sodium Fluoride
(HR-1)

Hydrochloric KR-1, IR-3 Hydrochloric NA NA NA NA NA NA
|Acid Acid

(HR-1, HR-3)

See footnote key at end of table.
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"
UNITS RELEASESW BACKGROUND

(Kilogram CONCENTRA-
Quantities) SAMPLE SAMPLE DETECTION STATE FEDERAL TIONe

TYPE CONCENTRA- LIMWW' LIMIT" LIMIT (pg/L)
TION RANGEa" (g/U lpg/L) (pg/L)

91(g/L

Nitrate BC-1, Aluminum Well 86- S00 10,000 10,000 NA I
BC-5UI Nitrate (HR-1) 1,020,000 (Washington (Primary

DR-1, FR-1, State Ground Drinking
HR-1, Nitric Acid Water Quality Water Limit)
HR-3, (HR-1) Standards)
KR-1,

KR-40, Nitrate
NR-1 (BC-1, DR-1,

FR-1, HR-3,
KR-1, NR-1)

Sodium Nitrate
(HR-1)

Nitrite HR-1, HR-3 Nitrite NA NA NA 1,000 (Model 1,000 NA 1
(HR-1, HR-3) Toxics (Primary

Control Act - Drinking
Method B, Water Limit)

MCLG)

Phosphoric Acid FR-2, NR-1 Phosphoric Acid NA NA NA NA NA NA I
(FR-2, NR-1) III

See footnote key at end of table.
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCER
UNITS RELEASES BACKGROUND

IKilogram CONCENTRA-
Qumntltjas) SAMPLE SAMPLE DETECTION STATE FEDERAL TION"

TYPE CONCENTRA- LIMIT"' LIMITS' LIMIT (pg/L)
TION RANGE" (Ug/LI (pgL) (gL)

Sulfate BC-1, BC-2 Sulfate Well 14- 500 250,000 NA 34,300 *1
BC-5, (FR-1. NR-1) 2,180,000 (Model Toxic, 16,900
HR-1, Control Act -
HR-3, Aluminum Method B,
KR-i, Sulfate Secondary

KR-4, NR-I (FR-1, HR-1) Drinking
Water Limit)

Ammonium
Sulfate (HR-1)

Cypric Sulfate
(HR-I, KR-I)

Feric Sulfate
Used In HR-1

Ammonium
Caric Sulfate

(HR-1)

Nickel Sulfate
(HR-1)

Sodium Sulfate
(HR-1)

Sulfuric Acid
(BC-1, BC-2,

NR-1)
Used in FR-1,

KR-1

See footnote key at end of table.
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TABLE AB-3: GROUNDWATER NONMETALLIC
IONS/COMPOUNDS DATA - FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern.
Information in parentheses indicates the operable units(s) which received waste
constituent in greater the one kilogram quantities. Also given are the operable units
where the contaminants were used in unknown quantities.

H Range includes the minimum and maximum concentrations in micrograms per liter
(pg/L) for the listed operable units. Evaluated groundwater data was collected between
1978 and 1986.

c Concentration based on both filtered and unfiltered samples.

D Detection limit concentration in micrograms per liter (sg/L) for all the groundwater data
reviewed, if available.

E Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Federal standards do not exist.
Where the Washington Groundwater Quality Standards are the most restrictive,
enforcement limits may exceed these values when the natural groundwater quality
exceeds the criteria or when other exceptions contained in WAC 173-200-050(3)(b) apply.

' Background concentration for the Hanford site, in micrograms per liter (pg/L), from
Pacific Northwestern Laboratory, 1989, and Evans et al., 1989.

4 Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

H Not available.

Units are in MFL (million fibers per liter longer than micro molar).

Present in groundwater above state and federal limits.

K Present in groundwater above Hanford site background concentrations.

A-60
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TABLE AB-4:

9

GROUNDWATER VOLATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCEIE)
UNITS RELEASESIA

(Kilogram Quantities)
SAMPLE SAMPLE DETECTION STATE FEDERAL

TYPE CONCENTRA- LIMIT LIMITID) LIMIT
TION(',c) (pg/L) (pg/L) (ug/L)
RANGE
(ug/L)

Benzene NR-1 Benzene NAF NA NA 3 (Model Toxics 5 1
Used in Operable Control Act - (Primary

Unit NR-1 Method B) Drinking
1 Water Limit)

Chlorobenzene NR-1 Chlorobenzene NA NA NA 160 (Model NA 1
Used in Operable Toxics Control

Unit NR-1 Act - Method B)

Chloroform HR-3161, NR-1 Used in HR-3, NR-1 Well 15-35 NA 7 (Washington 100 1
State Ground (Primary
Water Quality Drinking

Standards) Water Limit)

Trans-1,2- NR-1 trans-1,2- NA NA NA 100 (Model 100 1
dichloroethene dichloroethene Toxics Control (Primary

Used in Operable Act - Method B, Drinking
Unit NR-1 MCLG) Water Limit)

Ethylbenzene NR-1 Ethylbenzene NA NA NA 700 (Model 700 1
Used in Operable Toxics Control (Primary

Unit NR-1 Act - Method B, Drinking
MCLG) Water Limit)

Methylene FR-1(a, NR-1 Methylene Chloride Well 34 NA 5 5 1
Chloride Used in FR-1, NR-1 (Washington (Primary

State Ground Drinking
Water Quality Water Limit)

I_ _ _Standards)

See footnote key at end of table.
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TABLE AB-4:

WG

GROUNDWATER VOLATILE ORGANIC COMPOUNDS DATA
(CONTINUED)

See footnote key at end of table.

0

91

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCEn
UNITS RELEASESIA -

(Kilogram Quantities)
SAMPLE SAMPLE DETECTION STATE FEDERAL

TYPE CONCENTRA- LIMIT LIMIT"" LIMIT
TION(B-C) (pg/L) (pg/L) (pglL)
RANGE

(g/IL)

Methyl Isobutyl NR-1 Methyl isobutyl NA NA NA 800 NA 1
Ketone (MIBK) Ketone Used in (Model Toxics

Operable Unit NR-1 Control Act -
I _Method B)

Perchlorethlyene HR-3, NR-1 Tetrachloroethene Well 13 NA 0.8 5 1
(Tetrachloro- Used in Operable (Washington (Primary
ethene, Units HR-3, NR-1 State Ground Drinking
Tetrachloroethy- Water Quality Water Limit)
lene Standards)

Trichloroethene BC-1, BC-2, Trichloroethene Well 14-35 NA 3 5 1
BC-5, FR-1,GI. (FR-1, HR-3) used in (Washington (Primary

HR-3 BC-1, BC-2, BC-5 State Ground Drinking
Water Quality Water Limit)

Standards)

Xylenes NR-1 Xylene NA NA NA 1,000 10,000 1
(Model Toxics (Primary
Control Act - Drinking

Method B, Water Limit)
MCGL)

U0
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TABLE AB-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS
DATA FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received contaminant in greater than
one kilogram quantities. Also given are operable units in which the contaminant was used
in unknown quantities.

B Range includes the minimum and maximum concentrations in micrograms per liter (pg/L)
for the listed operable units. Evaluated groundwater data was collected between 1978 and
1986.

c Concentration based on both filtered and unfiltered samples.

D Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Ground Water Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

E Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

' NA = Not available

G Present in concentrations above state or federal limits.

A-63



TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS DATA

See footnote key at end of table.

CN
-P.

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCE
UNITS RELEASEW

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL
Quantities) TYPE CONCEN- LIMIT LIMITIL' LIMIT

TRATIONB) (pgIL) (pg/L) (pg/L)

Acetic Acid HR-1, HR-3 Acetic Acid NAE NA NA NA NA 1
(HR-1, HR-3)

Bis(-2- NR-1, NR-2 Bis-(2-ethylhexyl) Well 15 - 26 NA 6 NA 1
ethylhexyl) phthalate (Washington
phthalate Used in Operable State Water

Unit NR-1 Quality
Standards)

Ethylenediamine HR-1, HR-3 Ethylenediamine NA NA NA NA NA 1
(HR-1, HR-3)

Ethylenediamine HR-1, HR-3 EDTA NA NA NA NA NA 1
tetraacetic Acid (HR-1, HR-3)
(EDTA)

Formic Acid HR-1, HR-3 Formic acid used NA NA NA NA NA 1
in HR-1, HR-3

Hydrazine HR-1, HR-3, Hydrazine NA NA NA .03 NA 1
NR-1 (HR-1, HR-3) (Washington

Used in NR-1 State
Ground
Water
Quality

Standards)

tti
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCEI0
UNITS RELEASEAl

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL
Quantities) TYPE CONCEN- LIMIT LIMIT'L' LIMIT

TRATION"' (g/L) (pg/L) (Pg/L)
(pgIL)

PCBs BC-2, BC-5, PCBs NA NA NA 0.01 0.5 1
Arochlor 1016 KR-4, NR-1 Used in Operable (Washington (Primary
Arochlor 1221 Units BC-2, BC-5 State Drinking

KR-4, NR-i Ground Water
Water Limit)
Quality

Standards)
Tetraethyl NR-1 Tetraethyl NA NA NA NA NA 1
pyrophosphate pyrophosphate

Used in NR-1

Tetrahydrofuran NR-1, NR-2 Tetrahydrofuran Well 60 NA NA NA 1
Used in NR-1,

NR-2

Thiourea HR-1, HR-3, Thiourea NA NA NA NA NA 1
NR-1 (HR-1, HR-3) I I I I

See footnote key at end of table.
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC
COMPOUNDS DATA - FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received the contaminant in greater
than one kilogram quantities. Also given are operable units in which contaminant was
used in unknown quantities.

B Evaluated groundwater data was collected between 1978 and 1986; however, no data is
available for the associated contaminants, except bis (-2-ethylhexyl) phthalate.

C Most restrictive concentration, in micrograms per liter (pg/L), which was obtained from
the Washington Groundwater Quality Standards or was obtained in the Model Toxics
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater
Quality Standards are the most restrictive, enforcement limits may exceed these values
when the natural groundwater quality exceeds the criteria or when other exceptions
contained in WAC 173-200-050(3)(b) apply.

DInformation source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

B NA = Not Available.

A-66
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCEs
UNITS INVENTORY BACKGROUND

RANGE"JAS CONCENTRATIONo"
(Cude SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMIT" (pCi/g)
TRATION (pClI/g)

RANGE
IpCI/g)

Tritium BC-1p.p, Tritium Soils, 2.7 x 10' NA" 2200- 2400
BC-2"', BC-30J (0.208 - 11,0001 Sludges -7.3 x 10-

SC-4, DR-1,
DR-3 FR-1i' (BC-I. BC-2,
FR-2, HR-I', BC-3, BC-4,
KR-, KR-2, DR-i, DR-3,

NR-1 FR-i. FR-2,
HR-I, KR-1,
KR-2, NR-I)

(DR-2 operable
unit contains an

inventory less
than one Curio)

Carbon-14 BC-4, KR-2 Carbon-14 Soils 4.1 x 10-' NA NA 1,3,4
10.056 - 220] - 4.3 x 10-

(BC-4, KR-2)

(DR-i. HR-I,
KR-i operable
units contain

inventories less
than one Curie)

Calcium-41 KR-I Calcium-41 used NA NA NA NA 1.3,4
in operable unit

_____________KR-i

Cobalt-60 BC-I"', Cobalt-60 Sos, 3.5 x 10-- NA 0.00457 - 0,03550 1.3,4
8C-2"q, (1.01128 - Sludges -1.3 x 10

BC-3, BC-4, 767.31
DR-10-M,

DR-2, DR-3, (BC-1, BC-2,
FR-ls. BC-3, BC-4,

FR-2, HR-I cI FR-1, FR-2.
KR-1"', DR-1, DR-2.

KR-2, NR-1 DR-3, HR-I,
KR-i, KR-2,

NR-1)

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE"AA" CONCENTRATION"
(Curial SAMPLE SAMPLE DETECTION RANGE

TYPE CONCENP LIMWFA) (pCigI
TRATIONO (W0INg)

RANGE
(pCig)

Nickel-63 BC-1, BC-2, Nickel-63 Soils, 1.2 x 10' NA NA 1,3,4
BC-4, DR-1, 116-144.21 Sludges -6.9 x 10
DR-3, FR-2,
HR-1, KR-I (BC-1, BC-2,

BC-4, DR-1,
DR-3, FR-2,
HR-1. KR-1)

Selenium-79 HR-1 Selenium-79 NA NA NA NA 1.3,4
used in operable

unit HR-1

Krypton-85 HR-1 Krypton-85 used NA NA NA NA 1,3.4
in operable unit

HR-I

Strontium-90 BC-1, BC-2, Strontium-90 Soils, 2.2 x 102 NA 0.18 - 0.59 ± 0.5 1,3.4
FR-1", 10.36884 - 22.11 Sludges - 1.3 x 10O

FR-2, HR-1
HR-2, KR-1i (BC-1. BC-2,

FR-1, FR-2,
HR-1, HR-2,

KR-1)

(8C-4, DR-1,
DR-2 operable
units contain

inventories loss
than one Curiel

Zirconium-OS HR-1 Zirconium-93 NA NA NA NA 1,3.4
used in operable

unit HR-1

Nioblum-94 HR-1 Nloblum-94 used NA NA NA NA 1,3,4
In operable unit

HR-1

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCER
UNITS INVENTORY BACKGROUND

RANGE'^A""" CONCENTRATION"
(Curie) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMITF,)G lpCIg)
TRATION 0  (PCi/g)

RANGE
(pC1/g)

Technetium-99 BC-1, BC-2, Technetium-99 NA NA NA NA 1,3,4
HR-1, KR-1, used in operable
FR-1, NR-1 units BC-1,

BC-2, HR-1,
KR-1, FR-I,

NR-1

Palladium-107 HR-1 Pailadium-107 NA NA NA NA 1,3,4
used in operable

unit HR-1

Cadmilum-1i3 HR-1 Cadmium-113 NA NA NA NA 1,3,4
used in operable

unit HR-1

Antiony-125 NR-1 Antimony-125 NA NA NA NA 1,3.4
used in operable

units NR-1

Iodine-129 KR-1, NR-1 lodine-i 29 used NA NA NA NA 1,3.4
In operable units

KR-, NR-1

Cesium-134 DR-291, Cesium-134 Soils, 1.8 x 102 NA 0.00429 - 086780 1,3.4
HR-1", NR-1 10.00001 - 141 Sludges - 1.2 x 10'

(NR-1)

(BC-1. DR-1,
DR-2, HR-1,

KR-1 operable
units contain

inventories less
than one Curiel

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.
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CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGEWa~ca CONCENTRATION"
(Curi) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMITF.G (pClig)
TRATION" (pCilo)

RANGE
(pCig)

Cesium-137 BC-1, BC-2, Cesium-137 Soils, 2.7 x 10 0.5 -0.6 0.00140 - 2.9 * 1,3.4
BC-4m, DR-1 [1 - 3501 Sludges - 6.3 x 10' 3.2
FR-", FR-2
HR-i". HR-2 (BC-1, BC-2,
KR-1 , NR-1 DR-1, FR-1,

NR-30,n FR-2, HR-1,
HR-2, KR-I,

NR-i)

(BC-4, BC-5,
HR-3 operabto
units contain

inventories less
than one Curie)

Samarium-151 HR-1 Samarum-151 NA NA NA NA 1,3,4
used in operable

unit HR-1 I

Europlum-152 BC-1I', 8C-2"', Europlum-152 Soils, 1.0 X 102 NA NA 1,3,4
BC-41, DR-1", [0.02285 - Sludges -6.4 X 10'
DR-3, FR-1i", 729.571
FR-2. HR-1",
HR-2. KR-1", (BC-1, BC-2,

KR-2 BC-4, DR-1,
DR-3, FR-1,
FR-2. HR-1,
HR-2, KR-1.

KR-2)

(DR-2 operable
unit contains
inventory less
than one Curiel

0
0
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

See footnote key at end of table.
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CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE-'"' CONCENTRATION"
(Cure) SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMrT'" (pCdg)
TRATIONO (pCIg)

RANGE
(pCilg)

Europlum-154 BC-I"". Europium-154 Soils. 9.5 x 10' NA 0.00197 - 0.07820 1,3.4
BC-2"", 10.00309 - Sludges - 2.9 x 10'
BC-4"", 213.111
DR-1uS*.

DR-3, FR-1", (BC-2, BC-3,
FR-2, HR-1I", BC-4, DR-1,
HR-2, KR-1"* DR-3, FR-1,

FR-2, HR-i,
HR-2. KR-1)

(BC-1, DR-2
operable units

contain
Inventories less
than one Curie)

Radium- NR-i Radium used in NA NA NA NA 1,3,4
2261228 operable unit

NR-1

Uranium DR-1i", Uranium Soils, 4.2 x 102 0.5-0.6 0.74 L 0.15 1,3.4
(Unspecified) HR-1i, (Unspeclfied) Sludges - 1.4 x 10'

KR-i"" 10.04343 -

0.3219911

5C-1, BC-2,
FR-1. KR-1,

HR-1 operable
units contain

Inventory ranges
less than one

curie)

tl

0
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED)

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE"
UNITS INVENTORY BACKGROUND

RANGE" A' CONCENTRATION'"
(Curil SAMPLE SAMPLE DETECTION RANGE

TYPE CONCEN- LIMITlr (pCilg)
TRATIONO (pCIlg)-

RANGE
(pCilg)

Plutonium-238 BC-2, DR-I', Plutonium-238 Soils, 8.1 x 10. NA NA 1.3.4
NR-I 10.005 - Sludges - 1.6 x 10

420.1951

(BC-2, NR-1)

(BC-I, DR-1,
HR-i, KR-I,

operable units
contain

inventory ranges
less than one

Curie)

Plutonium- BC-1, BC-2"", Plutonium- Sols, 3.2 x 10. NA 4.2 x 102 1,3.4
2391240 DR-1", 239/240 Sludges - 1.5 x 10

FR-1uo, (3.4 x 103 -
HR-i ",o, 20.61

KR-1". NR-1
(BC-i, BC-2,
KR-I, NR-11

(DR-1, DR-2,
FR-1, FR-2,
HR-1, KR-2,

KR-4 operable
units contain

inventory ranges
less than one

Curie)

Plutonium-241 HR-1 Plutonium-241 NA NA NA NA 1,3,4
used in operable

unit HR-1

Americium-241 HR-i, KR-i Americium-241 NA NA NA NA 1.4
used in operable
unit HR-1, KR-i

See footnote key at end of table.
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA
FOOTNOTE KEY

A Indicates inventory in greater than Curie quantities, unless otherwise specified.

B Inventory range (in brackets) includes the minimum and maximum inventories for the
listed operable units (in parentheses). For a single operable unit, the inventories for each
waste unit within that operable unit were totaled to generate a single value.

c Complete inventories are not available for all of the operable units.

D Radionuclide concentration has not been decayed to the present.

B Range includes the minimum and maximum concentrations in picoCuries per gram
(pCi/g) found in samples for the listed operable unit(s). Evaluated data was collected
between 1978 and 1986.

"Range includes the minimum and maximum detection limit concentrations in picoCuries
per gram (pCi/g) for all data reviewed.

4 No state or federal limit is available.

H Range includes background concentrations in picoCuries per gram (pCi/g) from 100-Area
Work Plans.

Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

' Present in soils/sediments/sludges above state and federal limits.

K Present in soils/sediments/sludges above Hanford Site background concentrations.

L NA = Not Available.

A-73



9 AB- i7 J - METALS DATA

TABLE AB-7: SOURCES - METALS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY PRELIMINARY SOURCE"'
UNITS RELEASESIAW CRITERIA BACKGROUND

(Kilogram CONCENTRATIONIn
Quantities) SAMPLE SAMPLE DETECTION STATE RANGE

TYPE CONCEN- LIMIT" - LIMIT 0'D (pg/kg)
TRATION'8 ' (pg/kg) (pg/kg)

RANGE
(pg/kg)

Aluminum HR-1, HR-1, NR-1 NA NA NA 5,000 NA 1
NR-1 (Model Toxics

Control Act -
Method B)

Boron BC-4 Boron Splines NA(G) NA NA 7,200,000 NA 1
(BC-4) (Model Toxics

Control Act -
Method B)

Iron BC-2 Iron used in NA NA NA NA NA 1
BC-2

Lead BC-1", Lead (BC-3, Soil 94,000 - 500 112,000 2,580 - 12,700 1,3
BC-2, BC-4, DR-3, 250,000 (Model Toxics
BC-3, FR-2, HR-1, Control Act -
BC-4, HR-2, NR-1) Method B)
DR-3, Used in BC-2
FR-1,.
FR-2, Lead Acetate
HR-1, Battery Fluid
HR-2, (NR-1)
NR-1

Lead
Cadmium

Poison Slugs
(BC-4, DR-3,
FR-2, HR-2) I

Manganese HR-1, Used in NA NA NA 8,000,000 NA 1,3,4
DR-1, operable units (Model Toxics
NR-1 HR-1, DR-1, Control Act -

NR-1 Method B)

See footnote key at end of table.
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TABLE AB-7: SOURCES - METALS DATA (CONTINUED)

See footnote key at end of table.

I) 3

-4
Lit

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY PRELIMINARY SOURCE"'
UNITS RELEASESIA) CRITERIA BACKGROUND

(Kilogram CONCENTRATIONEI
Quantities) SAMPLE SAMPLE DETECTION STATE RANGE

TYPE CONCEN- LIMIT'L LIMIT"' (pg/kg)
TRATION181 (pg/kg) (pg/kg)

RANGE
(jig/kg)

Sodium BC-1, Sodium NA NA NA NA NA
BC-2 Dichromate

used in BC-1,
BC-2

Fluoride
(BC-2)

Oxalate used
in BC-1

Sulfamate
used in BC-2

Vanadium DR-1, Used in NA NA NA 560,000 NA 1,3,4
FR-1, operable units (Model Toxics
NR-1 DR-1, FR-1, Control Act -

NR-1 Method B)

u
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TABLE AB-7: SOURCES - METALS DATA
FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern. Information
in parentheses indicates the operable units(s) which received contaminant in greater than
one kilogram quantities. Also given are operable units where the contaminant was used
in unknown quantities.

B Range includes the minimum and maximum concentrations in micrograms per kilgram
(pg/kg) found in soil, sediment, or sludge samples for the listed operable units. Evaluated
data were collected between 1978 and 1986 and were obtained from DOE-RL, 1991a.

C Detection limit concentration in micrograms per kilogram (pg/kg) for all data reviewed,
if available.

D Concentration, in micrograms per kilogram (pg/kg), which was obtained in the Model
Toxics Control Act cleanup regulation using Method B. There are no federal limits.

B Background concentration range for
(pg/kg), from Chou, 1989, and WHC,
values have not been verified.

the Hanford Site, in micrograms per kilogram
1991. Because of the limited data available, these

" Information source codes:

1. 100-Area Work Plans,
in progress

3. Stenner et al., 1988a,b

2. Dorian and Richards, 1978

4. Miller and Wahlen, 1987

U NA = Not Available

HPresent in concentrations within or above Hanford Site background concentrations.

A-76
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TABLE AB-8: SOURCES - NONMETALLIC IONS/COMPOUNDS DATA

See footnote key at end of table.

-J
-4

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY CRITERIA SOURCE1
UNITS RELEASES"

(Kilogram Quantities) SAMPLE SAMPLE DETECTION STATE PRELIMINARY
TYPE CONCEN- LIMITt' LIMIT40  BACKGROUND

TRATIONN (UgQkg) (pg/kg) CONCENTRATIONQ
RANGE RANGE

t(g/kg) Wg/kg)

Ammonium/ FR-1. HR-1 Ammonium NA' NA NA NA Below Detection 1
Ammonia (FR-1) Limit" - 3000

Ammona/Ammonium
Citrate/Ammoniun Cerlo

Suffate/Ammniurn
Fluoride/Ammonium
Hydrogen Fluoride/

Ammonium
Monohydrogen

Orthophosphatel
Ammonium Persulfate

(HR-1)
Asbestos BC-2 Asbestos used In NA NA NA NA NA

operable unit BC-2

Chloride 8C-2 Hydrochloric Acid used NA NA NA NA NA
In BC-2

Cyanide HR-1, NR-1 Cupric Cyanide used in NA NA NA 1,600.000 NA I
HR-1 (Model

Toxics
Cyanide Control Act

(HR-1, NR-11 - Method B)

Potassium Cyanide used
In HR-1

Sodium Cyanide used In
HR-1

U
0
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TABLE AB-8: SOURCES - NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY CRITERIA SOURCE"
UNITS RELEASES"'

(Kilogram Quantities) SAMPLE SAMPLE DETECTION STATE PRELIMINARY
TYPE CONCEN- LIMr70  LIMIT BACKGROUND

TRATION" (pg/kg) tug/kg) CONCENTRATION 0

RANGE RANGE
(pg/kg) (pg/kg)

Fluoride BC-i, BC-2, Fluoride NA NA 1,OCO NA Below Detection I
DR-1, FR-i, (DR-1, BC-2, Limit - 5
H-1, NR-1 FR-1)

Fluoride Test Solution
(NR-11

Ammonium Fluoride
(HR-1)

Ammonium Hydrogen
Fluoride (HR-1)

Sodium Fluoride
(HR-1)

Used In BC-1, BC-2

Nitrate 8C-1, BC-2, Aluminum Nitrate (HR-1) NA NA 1.000 NA Below Detection 1
BC-3, DR-1. Limit
FR-1, HR-1, Nitric Acid
KR-1, NR-1 (HR-1)

Used in BC-1, BC-2

Nitrate
(BC-1, BC-2, BC-3,

DR-1, FR-i, KR-I, NR-1)

Sodium Nitrate (HR-1)

Nitrite HR-1 Nitrite NA NA NA NA Below Detecion I
(HR-1) Limit

Sulfate 80-i. BC-2, Sulfuric Acid NA NA NA NA NA I
KR-2 used in BC-1, BC-2,

ICR-3

See footnote key at end of table.
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TABLE AB-8: SOURCES - NONMETALLIC IONS/COMPOUNDS
DATA

FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern, based on
potential releases and/or associated soil quality data. Information in parentheses indicates
the operable unit(s) which reportedly received the waste constituent.

B Range includes the minimum and maximum concentrations in micrograms per kilogram
(gg/kg) found in soil, sediment, or sludge samples for the listed operable units. Evaluated
data were collected between 1978 and 1986.

C Range includes the minimum and maximum detection limit concentrations in micrograms
per kilogram (gg/kg) for all data reviewed, if available.

' Concentration, in micrograms per kilogram (Ag/kg), which was obtained in the Model
Toxics Control Act Cleanup Regulation using Method B. Federal limits do not exist.

B Background concentration for the Hanford site, in micrograms per kilogram (pg/kg), from
Pacific Northwestern Laboratory, 1989.

F Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

0 NA = Not Available

H BDL = Below Detection Limit

A-79
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TABLE AB-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY SOURCE'
UNITS RELEASES1A1 CRITERIA

(Kilogram
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCEN- LIMITI LIMITIDI
TRATION' (pg/kg) (pg/kg)(pg/kg)

Acetic Acid HR-1 Acetic Acid NA'6  NA NA NA 1
(HR-1)

Bis (2- NR-1 Bis (2-ethylhexyl) NA NA NA 71,400 1
ethylhexyl) phthalate (Model Toxics
phthalate Used in Operable Control Act -

Unit NR-1 Method B)

Ethylenediamine HR-1 Ethylenediamine NA NA NA NA 1
(HR-1)

Ethlenediamine HR-1 EDTA NA NA NA NA 1
Tetraacetic (HR-1)
Acid (EDTA)

Formic Acid HR-1 Formic Acid NA NA NA NA
(HR-1)

Hydrazine HR-1, NR-1 Hydrazine NA NA NA NA 1
(HR-1, NR-1)

PCBs BC-1, BC-2, PCBs NA NA 0 130 1
Arochlor 1016 KR-1 Used in Operable (Model Toxics
Arochlor 1221 Units BC-1, BC-2, Control Act -

J_ KR-1 Method B)

See footnote key at end of table.

00
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TABLE AB-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS DATA (CONTINUED)

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY SOURCE(E
UNITS RELEASES W CRITERIA

(Kilogram
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCEN- LIMITcI LIMIT"ID
TRATION"' (pg/kg) (pg/kg)

(pg/kg)
Petroleum BC-1, KR-1, Diesel Oil NA NA NA NA
Products/Diesel NR-1 (NR-1)
Oil

Petroleum
Products

(BC-1, KR-4)

Tetraethyl- NR-1 Tetraethyl- NA NA NA NA
pyrophosphate pyrophosphate

Used in Operable
Unit NR-1

Tetrahydrofuran NR-1 Tetrahydrofuran NA NA NA NA
Used in Operable

Unit NR-1

Thiourea HR-1, NR-1 Thiourea NA NA NA NA
(HR-1)

Diethylthiourea
(NR-1)

See footnote key at end of table.
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TABLE AB-9: SOURCES - NONVOLATILE ORGANIC
COMPOUNDS DATA - FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern, based on
potential releases and/or associated soil quality data. Operable units in parentheses
are those which received the contaminant in greater than one kiolgram quantities. Also
given are operable units in which the contaminant was used in unknown quantities.

B Evaluated data were collected between 1978 and 1986; however, no data are available
for the associated contaminants.

c Detection limit concentrations in micrograms per kilogram (pg/kg) for all data reviewed,
if available.

D Concentration, in micrograms per kilogram (pg/kg), which was obtained in the Model
Toxics Control Act Cleanup Regulation using Method B.

E Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988a,b 4. Miller and Wahlen, 1987

F NA= Not Available
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TABLE AB-10: SOURCES - VOLATILE ORGANIC COMPOUNDS DATA

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY SOURCE)
UNITSA) RELEASES"' CRITERIA

(Kilogram
Quantities) SAMPLE SAMPLE DETECTION STATE

TYPE CONCENTRA- LIMIT LIMITID'
TIONc' (jg/kg) (pg/kg)
RANGE
(pg/kg)

Acetone FR-1 Acetone (FR-1) NA NA NA 8,000,000 1,2,3
(Model Toxics
Control Act -

Method B)

Benzene NR-1 Benzene NA NA NA 34,482 1,2,3
Used in Operable (Model Toxics

Unit NR-1 Control Act -
I__ _ IMethod B)

Chlorobenzene NR-1 Chlorobenzene NA NA NA 1,600,000 1,2,3
Used in Operable (Model Toxics

Unit NR-1 Control Act -
Method B)

Trans-1,2- NR-1 Trans-1,2- NA NA NA 1,600,000 1,2,3
dichloroethene dichloroethene (Model Toxics

Used in Operable Control Act -
Unit NR-1 Method B)

Ethylbenzene NR-1 Ethylbenzene NA NA NA 8,000,000 1,2,3
Used in Operable (Model Toxics

Unit NR-1 Control Act -
Method B)

Methyl Isobutyl NR-1 Methyl Isobutyl NA NA NA 4,000,000 1,2,3
Ketone Ketone Used in (Model Toxics

Operable Unit Control Act -
NR-1 Method B)

Perchloroethylene HR-1, Perchloroethene NA NA NA 19,607 1,2,3
NR-1 Used in Operable (Model Toxics

Units HR-1, NR-1 Control Act -
Method B)

See footnote key at end of table.
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TABLE AB-10: SOURCES - VOLATILE ORGANIC COMPOUNDS DATA
FOOTNOTE KEY

A Operable unit(s) where contaminant is considered a contaminant of concern.

B Information in parentheses indicates the operable units(s) which reportedly received the
waste constituent. Also given are operable units in which the contaminant was used in
unknown quantites.

c Range includes the minimum and maximum concentrations in micrograms per kilogram
(1 g/kg) for the listed operable units. Evaluated data were collected between 1978 and
1986.

DConcentration, in micrograms per kilogram (Ag/kg), which was obtained in the Model
Toxics Control Act Cleanup Regulation using Method B.

" Information source codes:

1. 100-Area Work Plans, 2. Dorian and Richards, 1978
in progress

3. Stenner et al., 1988ab 4. Miller and Wahlen, 1987

NA = Not available
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APPENDIX AC
REGULATED CHEMICAL CONTAMINANTS

A-85



TABLE AC-1: REGULATORY DETERMINATION

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE. NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT

RELEASED IN THE (CERCLA) CONTINGENCY PLAN (TSCA) 11141.61 GROUNDWATER CLEANUP NOT
100-AREA (40 CFR 302.4) (40 CFR 1300.3[a)[11) 140 CFR 17611 AND 141.62) STANDARDS REGULATIONS REGULATED

1,1.1-Trichloroethane X X x x

Acetic Acid X

Acetone X X

Aluminum X

Aluminum Chloride x

Akuminum Fluoride x

Aluminum Nitrate X

Aluminum Sulfate X

Ammonium X
Monahydrogen
Orthophosphate

Ammonium Care x
Sulfate

Ammonium Fluoride X

Ammonium Hydrogen X
Fluoride

Ammonium Persulfate X

Arsenic X X X X

Asbestos X X

Barium X X X X

Barium Perchlorate X

Benzene X X X X

Beryllum X X

Beryllium Sulfate X

00
ON

0
Mn0
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT
RELEASED IN THE (CERCLA) CONTINGENCY PLAN ITSCA) £4141.61 GROUNDWATER CLEANUP NOT

100-AREA (40 CFR 302.4) (40 CFR 4300.3[a11) (40 CFR 4761) AND 141.62) STANDARDS REGULATIONS REGULATED

Bit (2-ethylhaxyl) X X X
phthalate

Boric Acid x

Boron X

Cadmium X X X X

Calcium X

Chloride (including X X
chloride ion from
releases of Aluminum
Chloride, Hydrochloric
Acid, Mercurio
Chloride, Nickel
Chloride, Potassium
Chloride, and Sodium
Chloride)

Chlorine X

Chlorobenzene X X

Chloroform X X X

Choline Chloride x

Chromic Acid X

Chromium, Hexavalent X X X X
(including chromium
ion from releases of
Chromic Acid,
Potassium Dichromate,
Sodium Chromate, and
Sodium Dichromate)

Citric Acid x

Citric Acid Solutions, x
Animoniated

0 0

00
-3

00
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"3



9 ~c I -
n

TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT
RELEASED IN THE (CERCLA) CONTINGENCY PLAN (TSCA) 11141.61 GROUNDWATER CLEANUP NOT

100-AREA (40 CFR 5302.4) (40 CFR 6300.3[.1[11) (40 CFR 5761) AND 141.02) STANDARDS REGULATIONS REGULATED

Cobalt X

Copper X X X

Cupric Cyanide X

Cupric Oxide X

Cupric Sulfate X

Cyanide (Including X X X
cyanide Ion from
releases of Cupuic
Cyanide, Potassium
Cyaride, and Sodium
Cyanide) I

Cyclotetraslloxane, X
actomethyl

Deoxycholic Acid X

Diesel Oil X

Diethanolamine X

Diethyithiouree X

Ethylbenzene X X X

Ethylenediamino X

Ethylenediamio X
tetreacotic Acid
IEDTA)

Fafric Oxide X

Prnic Sulfate X

00
00

e
0

0
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT
RELEASED IN THE (CERCLA) CONTINGENCY PLAN ITSCA) 11141.61 GROUNDWATER CLEANUP NOT

100-AREA (40 CFR 1302.4) (40 CFR £300.3(al[1J) (40 CFR £761) AND 141.62) STANDARDS REGULATIONS REGULATED

Fluoride (including X X X
fluoride Ion from
releases of Aluminum
Fluoride, Ammonium
Fluoride, Ammonium
Hydrogen Fluoride,
Lithium Fluoride, and
Sodium Fluoride)

Formic Acid X

Graphite X

Hexane X

Hydrazine X

Hydrobromic Acid X

Hydrochloric Acid X

Hydrogen Peroxide X

Hydroindic Acid X

Hypophosphorus Acid X

Iron (including iron ion X X
from releases of Fenic
Oxide and Ferric
Sulfate)I

Lead X X X X

Lithium X

Lithium Fluoride X

Magnesium X

Manganese X X

Mercaptoacetic Acid X

00
\0

U

'0



9 2 S t. ~ ) 1 3

TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT

RELEASED IN THE ICERcLA) CONTINGENCY PLAN (TSCA) 1141.61 GROUNDWATER CLEANUP NOT
100-AREA 140 CFt 1302.4) (40 CFR £300.3fasllI) (40 CFR £761) AND 141.62) STANDARDS REGULATIONS REGULATED

Mercuric Chloride X

Mercuric Nitrate X

Mercury X X X X

Methyl Isobutyl Ketone X X
(MIBKI (4-mthy-2-
pantanonel

Methylene Chloride X X X

Molybdenum X

Morpholine X

Nickel X X

Nickel Chloride X

Nickel Oxide X

Nickel Sulfate X

Nitrate (as Nitrogen) X X
(including nitrate ion
from releases of
Aluminum Nitrate,
Mercuric Nitrate,
Potassium Nitrate,
Sodium Nitrate, and
Nitrio Acid)

Nitd& Acid X

Nitrite (as Nitrogen) X
(including nitrite Ion
from releases of
Sodium Nitrite)

Oxalic Acid X

Palladium X

IC

0
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT 140 CFR WASHINGTON CONTROL ACT

RELEASED IN THE (CERCLA) CONTINGENCY PLAN ITSCA) 1141.61 GROUNDWATER CLEANUP NOT
100-AREA (40 CFR 4302.4) (40 CFR §300.3[a)[11) (40 CFR 8761) AND 141.62) STANDARDS REGULATIONS REGULATED

Perchiorlo Acid X

Perchloroethylene X X X X
(Tetrachloroethene,
Tatrachloroethylen)

Petroleum Products X

Phosphate X

Phosphomolybdio Acid X

Phosphoric Acid X

Phosphorus Pentoxide X

Polychlorinated X X X x XBiphenyis (PCBs)

Potassium X

Potassium Borate X

Potassium Chloride x

Potassium Cyanide X

Potassium Dichromate X

Potassium Nitrate X

Silicon 
x

Sodium x

Sodium Acetate 
X

Sodium Aluminate x

Sodium Borate X

Sodium Carbonate X

Sodium Chloride 
X

9 2 11 4 I

0
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0
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT
RELEASED IN THE (CERCLA) CONTINGENCY PLAN ITSCA) 1141.61 GROUNDWATER CLEANUP NOT

100-AREA (40 CFR £302.4) (40 CFR I300.31a1([1) 140 CFR £761) AND 141.62) STANDARDS REGULATIONS REGULATED

Sodium Chromate X

Sodium Citrate x

Sodium Cyanide X

Sodium Dichromate X

Sodium EDTA X

Sodium Fluoride X

Sodium Fomate X

Sodium Hydrosulfite x

Sodium Hydroxide X

Sodium Hypophosphite X

Sodium Monohydrogen X
Orthoarsenato

Sodium Nitrate X

Sodium Nitrite X

Sodium Oxalate x

Sodium Phosphate X

Sodium Suffamate X

Sodium Sulfate X

Sodium Sulfite X

Strontium X

Suffamic Acid X

0

'C
N

Z5
0i
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED)

COMPREHENSIVE
ENVIRONMENTAL

RESPONSE, NATIONAL OIL TOXIC PRIMARY STATE OF
COMPENSATION, AND HAZARDOUS SUBSTANCES DRINKING WASHINGTON

AND SUBSTANCES CONTROL WATER RULES MODEL TOXICS
CONTAMINANTS LIABILITY ACT POLLUTION ACT (40 CFR WASHINGTON CONTROL ACT

RELEASED IN THE (CERCLA) CONTINGENCY PLAN ITSCA) £5141.61 GROUNDWATER CLEANUP NOT
100-AREA (40 CFR £302.4) (40 CFR 1300.3[a[1)) (40 CFR £781) AND 141.62) STANDARDS REGULATIONS REGULATED

Sulfate (including X
sulfate from releases
of Aluminum Sulfate,
Ammonium Ceric
Sulfate, Ammonium
Persulfate, Cupric
Sulfate, Ferric Sulfate,
Nickel Sulfate, Sodium
Sulfate, and Sulfuric
Acid)

Sulfuric Acid X

Tatraethyl X
pyrophosphate

Tetrahydrofuran X

Thiourea X

Titanium x

Toluene X x

trans-1,2- x
dichloroethane

Trichloroacetio Acid X

Trichloroethene, X X X X
TrIchloroethylene

Urea X

Vanadium X

Vanadium Pentoxide X

Xylanes X X X

Zinc X X X
Zirconium X

'C
U)

tj
0
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TABLE AD-1: GROUNDWATER RADIONUCLIDES - DECISION LOGIC
(Also see Table AB-1)

I I IEXCEED
HALF-LIFE RECORDS I EXCEED LIMITS REGULATORY

RADIONUCLIDE = >2 YEARS? =4 AVAILABLE? = BACKGROUND? =4 AVAILABLE? => LIMIT

Tritium Y Y Y Y Y-+ICOCI

Carbon-14 Y Y-COC]

Calcium-41 Y N-ICOCI

Chromium-51 N-IDI

Manganese-54 N--IDI

Cobalt-60 y Y Y Y Y-[COCI
Nickel-63 Y N-{COCJ

Zinc-65 N-lDI

Selenium-79 Y N-ICOCI

Krypton-85 Y N-[COCl

Strontium-90 Y y Y Y Y-ICOCI

Zirconium-93 Y N-ICOCI

Niobium-94 Y N--ICOCI

Technotium-99 Y Y Y Y N-JSJ

Ruthenium-103 N-+IDI

Ruthenium-106 N-IDj

Palladium-107 Y N-ICOCJ

Cadmium-113 Y N-ICOC

Antimony-125 Y Y Y Y N-ISI

lodine-1 29 Y N-COCl

lodine-131 N-ID]

Cesium-134 Y N-'[COCJ

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC - Regulatory Contaminant of Concern

(I'

I a

0-



TABLE AD-1: GROUNDWATER RADIONUCLIDES - DECISION LOGIC (Continued)

EXCEED
HALF-LIFE RECORDS EXCEED LIMITS REGULATORY

RADIONUCLIDE => >2 YEARS? = AVAILABLE? *- BACKGROUND? * AVAILABLE? = LIMIT?

Cesium-137 Y y Y Y N-IS

Cerium-144 N-[D]

Samarium-151 Y N-[COCI

Europium-152 Y y y Y Y-[COCJ

Europium-154 Y Y Y Y N-[S]

Europium-155 N-D!

Radium-m /2 , Y N-ICOCI

Uranium-Ia/2 y y Y Y YAICOCI

Uranium-238 Y y Y Y Y-[COCI

Plutonium Y y Y Y Y-ICOC

PNutonium- m/2, y y Y Y Y-[COCI

Americium-241 Y N-.[COCI

Plutonium-241 Y N-NCOCI

Y = Yes
N = No
NS - Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CDC = Regulatory Contaminant of Concern

'C
0~

K,
U0



TABLE AD-2: GROUNDWATER METALS - DECISION LOGIC
(Also see Table AB-2)

EXCEED
RELEASED TO RECORDS EXCEED LIMITS REGULATORY

CONTAMINANT =1 ENVIRONMENT? =4 REGULATED? = AVAILABLE? = BACKGROUND? =b AVAILABLE? = LIMIT?

Aluminum Y N-i[D]

Arsenic Y y Y y Y Y-[COC]

Barium Y y Y Y Y Y-[COC]

Beryllium Y Y N-'[COCI

Boron Y Y Y Y Y N-IS]

Cadmium Y Y Y Y Y Y-+COCl

Calcium Y N-1D]

Chromium Y Y Y Y Y Y--ICOCI

Cobalt Y Y N-COC

Copper Y Y Y Y Y N-IS]

Iron y Y Y N-IS]

Lead Y Y Y Y Y Y-COCI

Lithium Y N-[D]

Magnesium Y N-.[D]

Manganese Y Y Y Y Y Y-[COCI

Mercury Y Y N-[COC]

Molybdenum Y N-ID]

Nickel Y Y Y y Y N-IS]

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CDC = Regulatory Contaminant of Concern

IC
-.4

0
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TABLE AD-2: GROUNDWATER METALS - DECISION LOGIC (Continued)

I I EXCEED
RELEASED TO RECORDS EXCEED LIMITS REGULATORY

CONTAMINANT = ENVIRONMENT? =* REGULATED? * AVAILABLE? * BACKGROUND? = AVAILABLE? = LIMIT?

Potassium Y N-ID1

Silicon Y N-'4D1

Strontium Y N-[DI

Titanium Y N-[DI

Vanadium Y y Y Y Y N-[SI

Zinc Y y y Y Y N-.ISI

Zirconium Y N-iDi

Y = Yes
N = No
NS = Not Sure
o = Deleted as a contaminant
S = Suspect contaminant
CDC = Regulatory Contaminant of Concern

'.0
Go

U
0
Mr
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TABLE AD-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS
(Also see Table AB-3)

- DECISION LOGIC

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT => ENVIRONMENT? =>REGULATED? =il, AVAILABLE? = BACKGROUND? =j, AVAILABLE? = LIMIT7

Ammonium/
Ammonia Y Y Y Y Y N-.[SI
Asbestos Y Y N-[COCI

Chloride y Y N-ICOCI

Chlorine y Y N-ICOCJ

Cyanide Y Y N-ICOC

Fluoride y Y Y Y Y Y-.[COC
Hydrochloric Acid Y Y N-{COCI

Hydrogen Peroxide Y N-DJ

Hydroiodic Acid Y N-[D

Hypophos- Y N-.[Dj
phourous Acid

Nitrate Y Y Y NS Y Y-ICOCI

Nitrite Y Y N-ICOC

Perchioric Acid Y N-+DJ

Phosphate Y N-NDI

Phosphoric Acid Y Y N-ICOCI

Sulfate y Y Y y y y.ICOCI

Sulfumic Acid Y N-D

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CDC = Regulatory Contaminant of Concern

'C
'C

0

4-

0
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TABLE AD-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Also see Table AB-4)

I I IEXCEED
RELEASED TO RECORDS I EXCEED LIMITS REGULATORY

CONTAMINANT =- ENVIRONMENT? =_ REGULATED? = AVAILABLE? =- BACKGROUND7 =* AVAILABLE? * LIMIT?

Acetone Y y Y NS Y N-ISJ

Benzene y Y N--[COCI

Chlorobenzene Y Y N-[COC]

Chloroform Y Y y y Y Y-.{COCI

Ethylbenzene Y Y N-COC

Hexane Y N-[D]

Methyl isobutyt y Y N-ICOCI
Ketone

Methylene chloride Y Y y y Y Y-COCI

Perchloroethylone Y y y Y Y Y-.{COCJ

Toluene y y y NS Y N-lSl

Trans-1,2- y Y N-+[COCI
dichloroethano

Trichloroethene Y Y Y NS Y Y-[COC

Xylones Y Y N-.ICOCI

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

'-a
0
0

0

0'
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TABLE AD-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Also see Table AB-5)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT => ENVIRONMENT? =fr REGULATED? AVAILABLE7 BACKGROUND? AVAILABLE LIMIT?

4-Methyl-2-
Pentanone Y N-1D]

Acetic acid Y Y N-NCOCl

Ammoniated citric Y N-1D]
acid solutions

Bis-(2-ethyl hexyl) Y Y Y NS Y Y--[COCI
phthelate

Citric acid Y N-ID]

Cyclototrasiloxane, Y N-IDI
octamethyl

Dooxycholic acid Y N-D1

Diethanolamine Y N-IDI

Diethylthiourea Y N-DI

Ethylene diamine Y Y N-+COC

Ethylene diamine Y Y N-ICOCI
totraacotic acid

Formic acid Y Y N-COCI

Graphite Y N-D]

Hydrazine Y Y N-.[COCJ

Mercaptacetic acid Y N-[D]

Morpholine Y N-[DI

Y = Yes
N = No
NS - Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

C).

al
0

IQ.
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TABLE AD-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Continued)

EXCEED
RELEASED TO RECORDS EXCEED LIMITS REGULATORY

CONTAMINANT =f ENVIRONMENT? =f REGULATED? = AVAILABLE? =r BACKGROUND? = AVAILABLE? LIMIfl

Oxalic acid Y N-IDI

PCBs Y Y N-.[COCI

Petroleum products/ Y Y Y NS N-ICOC)
diesel oil

Tetraethyl Y Y N--jCOCI
pyrophosphate

Tetrahydrofuran Y Y N-.{COCJ

Thiourea Y Y N--ICOCI

Trichloroacetic acid Y N-.IDI

Urea Y N-$DJ

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S - Suspect contaminant
CDC = Regulatory Contaminant of Concern

0

0
N

0
0



TABLE AD-6: SOURCES - RADIONUCLIDES - DECISION LOGIC
(Also see Table AB-6)

.. .. .EXCEED

HALF-LIFE RECORDS EXCEED LIMITS REGULATORY

RADIONUCLIDE = >2 YEARS? =- AVAILABLE? = BACKGROUND? = AVAILABLE? LIMIT?

Tritium Y y y .Y Y-4COCI

Carbon-14 Y y Y Y Y-.ICOCI

Calcium-41 Y N-ICOCI

Chromium-51 N-IDI

Manganese-54 N-ID!

Cobalt-60 Y y Y Y Y-[COCI

Nickel-63 Y y Y Y Y-COCI

Zinc-65 N-IDI

Selenium-79 Y N-ACOCI

Krypton-85 Y N-[COCI

Strontium-90 Y y Y Y-ICOCI

Zirconium-93 Y N-ICOCI

Niobium-94 Y N-ICOCI

Technetium-99 Y N-+ICOCI

Ruthenium-103 N-ID

Ruthenium-106 N-DI ..

Palladium-107 Y N-ACOCI

Cadmium-1 13 Y N-[COCI

Antimony-125 Y N-ICOCI

Iodine-129 Y N-[COCI

Iodina-131 N--[DI

Cesium-134 Y Y Y Y-[COC

Y = Yes
N - No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

0
('3

0



TABLE AD-6: SOURCES - RADIONUCLIDES - DECISION LOGIC (Continued)

EXCEED

HALF-LIFE RECORDS EXCEED LIMITS REGULATORY
RADIONUCLIDE =- >2 YEARS? = AVAILABLE? = BACKGROUND? = AVAILABLE? = LIMIT?

Cesium-137 Y Y Y Y Y-ACOC

Cerium-144 N-IDl

Samarium-151 Y N--COCI

Europium-152 Y Y y Y Y-[COCI

Europium-154 Y y y Y Y-lCOCj

Europium-1 55 N-DI

Radium-2"I,, Y N-[COCI

Uranium-"mh, Y Y y Y Y-ICOC1

Plutonium-238 Y Y Y Y Y-dCOCl

Uranium-238 Y Y Y Y Y-4COCi

Plutonium-1 2 ,, y V y Y Y-.ICOCI

Americium-241 Y N-.{COC

Plutonium-241 Y N--ICOCl

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

U
0
M
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TABLE AD-7: SOURCES - METALS -DECISION LOGIC
(Also see Table AB-7)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY

CONTAMINAN ENVIRONMENT? REGULATED = AVAILABLE? BACKGROUND? AVAILABLE? =b LIMIT7

Aluminum Y Y N-ICOCI

Arsenic Y y V y Y N-ISI

Barium Y y V Y Y N-[SI

Beryllium y Y Y N-Sl

Boron Y Y N-[COC

Cadmium Y Y y Y Y N-IS

Calcium Y N-IDI

Chromium Y y y Y Y N-4SI

Copper Y y Y Y Y N-.IS1

Iron Y Y N-[COC

Lead y y Y y Y Y-ICCCl

Lithium Y N-lDI

Magnesium Y N-D

Manganese Y Y N-jCOCj

Mercury y y V Y Y N-ISI

Molybdenum Y N-ID]

Nickel Y y V Y Y N-.Sl

Palladium Y N-[D!

Potassium Y N-NDI

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CDC = Regulatory Contaminant of Concern

'-A

C
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TABLE AD-7: SOURCES - METALS - DECISION LOGIC (Continued)

I EXCEED
RELEASED TO RECORDS EXCEED LIMITS REGULATORY

CONTAMINANT = ENVIRONMENT? = REGULATED? = AVAILABLE? => BACKGROUND? => AVAILABLE? = LIMIT?

Silicon Y N-_lD

Sodium Y Y N-ICOCI

Titanium Y N-1DI

Vanadium Y Y N-COCI -

Zinc Y y Y Y Y N-[S

Zirconium Y N-D]

0
0

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

D?.

C
ON
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TABLE AD-8: SOURCES - NONMETALLIC IONS/COMPOUNDS - DECISION LOGIC
(Also see Table AB-8)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT =4 ENVIRONMENT? =>REGULATED? =>AVAILABLE? =>BACKGROUND? =>AVAILABLE? = LIMIT?

Ammonium/ Y Y N-.ICOC
Ammonia

Asbestos Y Y N-.[COCI

Chloride Y Y N-+COC

Cyanide Y Y N-.[COCI

Fluoride Y Y N-.ICOCI

Nitrate Y Y N-.{COCJ

Nitrite Y Y N-.(COCI

Sulfate Y Y N-.4COCI

Y = Yes
N = No
NS - Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Conoern

I-.
0
-.4

0
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TABLE AD-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS
(Also see Table AB-9)

- DECISION LOGIC

EXCEED

RELEASED TO RECORDS EXCEED LUMITS REGULATORY
CONTAMINANT => ENVIRONMENT? = REGULATED? = AVAILABLE? =* BACKGROUND? =* AVAILABLE? = LIMIT?

Acetic acid Y Y N-[COCI

Ammoniated citric Y N-IDJ
acid solutions

Bis-(2-ethylhexyl) Y Y N-+COC]
p hhalate

Citric acid Y N-I3

Cyclotetrasil, Oxano. Y N-IDI
Octomethyl

Deoxycholic acid Y N-[DI

Diethanolamine Y N-IDI

Diethylthiourea Y N-DI

Etiylenediamine y Y N-[COCI

Ethylenediamine Y Y N-ACOCI
Tetreacetic acid

Formic acid Y Y N--ICOCI

Graphite Y N-1D1

Hydrazina Y Y N-ICOCI

Mercaptoacotic acid Y N-D113

Morpholine Y N-IDI

Oxalic acid Y N-[DI

Y - Yes
N = No
NS = Not Sure
D - Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

0

00

0

Ctri
0'.
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TABLE AD-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC (Continued)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT =f ENVIRONMENT? = REGULATED? =* AVAILABLE? = BACKGROUND? = AVAILABLE? => LIMIT?

PCBs Y Y N-ICOC
Arochlor 1018
Arochlor 1221

Petroleum Y Y N--[COCI
products/Diesel oil

Sodium EDTA Y N-[{Dj

Tetraethyl Y Y N-.ICOCI
pyrophosphate

Tetrahydrofuran Y Y N--(COCI

Thiourea Y Y N-ICOCI

Trichloroacetic acid Y N-ID!

Urea Y N--ID

Y = Yes
N = No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
CC = Regulatory Contaminant of Concern

0s

C
C

0
0
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TABLE AD-10: SOURCES - VOLATILE ORGANIC COMPOUNDS - DECISION LOGIC
(Also see Table AB-10)

EXCEED

RELEASED TO RECORDS EXCEED LIMITS REGULATORY
CONTAMINANT =:1 ENVIRONMENT? =41 REGULATED? =>AVAILABLE? =>BACKGROUND? =>AVAILABLE? = LIMIT?

1,1,1- Y Y Y NS Y N-.ISI
Trichloroethane

Acetone y Y N-AICOCJ

Benzene Y Y N-[COCI

Chlorobenzene Y Y N-AICOCI

CNoroform Y Y Y N[SI Y N-IS]

Ethylbenzene Y Y N-ACOCI

Hexane Y N-IDI

Methyl Isobutyl Y Y N-.{COCI
Ketone

Methylene chloride Y Y Y NS Y N-ASI

Perchlorethene Y Y N-[COCI

Trans-1,2- Y Y N-.ICOC
diohloroothane

Trichloroethene Y Y Y NS Y N-[Sj

Y = Yes
N - No
NS = Not Sure
D = Deleted as a contaminant
S = Suspect contaminant
COC = Regulatory Contaminant of Concern

-a
0

0
M
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TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

RADIONUCLIDES

Tritium Y Y

Carbon-14 Y

Cakium-41 Y Y

Cobalt-60 Y V

Nickel-63 Y Y

Selenium-79 Y Y

Vrypton-85 Y

Strontium-90 Y Y

Zirconium-93 Y V

Niobium-94 Y .

Technetium-99 Y V

Palladium-107 Y Y

Cadmlum-l13 Y V

lodinm-129 Y Y

Ceslum-134 Y V

Cesium-137 Y Y

Samerium-151 Y V

Europium-152 Y V

Europlum-154 Y Y

Urantum-235/2 38 Y V

'-1

U

*0
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TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Plutonium-238 Y Y

Plutonium-2391240 Y Y

Plutonium-241 Y

Amerloium-241 Y _____________ _________

METALS

Aluminum N Y N

Baron N N Y no data Y

Iron N y N

Lead Y Y

Manganese N N Y no data Y

Sodium N Y N

Vanadium N N Y no data Y

w

0
0
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TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the
Contaminant contamininant
of Concern a carcinogen?

8: Candidate
for elimination
per guidance?

9: Oral reference
dose in IRIS or

HEAST?

10: Is the Hazard
Quotient greater

than 0.1 foringestion?

Contaminant
of

toxicological
significance?

t

0''-4>1

OTHER INORGANIC -
COMPOUNDSIION

Ammonium/ N N y no data Y

Ammonia
Y

Asbestos V

Chloride N N N N

Cyanide N N y no data Y

Fluoride N N y no data Y

Nitrate N N y no data Y

Nitrite N N Y no data Y

Sulfate N N NN

Acetone N N Y no data Y

Perchloro- Y -
ethylene 

11

OTHER ORGAN II 11

Acetic Acid N N y no data Y

Ethylenediamine N N y no data Y

Ethylanediamino N N N

tetrancatic acid
(EDTA)

Formic Acid N N Y no data Y

Hydrazine Y

pa. Y 
y



0

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Petroleum Y a y
Products/Diessl oil

Thiourea N N Y no data Y

HEAST = Health Effects Assessments Summary Tables (EPA 19911
IRIS = Integrated Risk Information System (EPA on-line database)
Y = Yes
N = No

a Assumed to contain benzene

TABLE AE-1: SOURCE CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

LA

U
0

t7j

I
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TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological
___________ _ingestion? significance?

[ RADIONUCLIDES ____________1_______________ i_______________ ___________

Tritium Y y

Carbon-14 Y y

Calcium-41 Y Y

Coba.t-60 Y y

Nicke-63 Y y

Selenium-79 Y y

Krypton-85 Y y

Strontium-90 y y

Zirconium-93 Y Y

Niobtum-94 y Y

Paliadium-107 Y y

Cadmium-113 Y y

lodin.-129 Y Y

Samadum-151 Y y

Europium-152 Y Y

Uranium-235/238 y Y

Plutonium-238 Y y

Plutonium-239/240 Y y

Plutonium-241 Y y

Americium-241 Y y

METALS ________LBI _______

I-.

C'

O0
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TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Arsenic Y y

Barium N N Y Y y

Beryllium Y y

Cadmium N N Y Y Y

Chromium Y Y

Cobalt N N N N

Lead Y y

Manganese N N V V Y

Mercury N N Y no data Y

Sodium NN

OTHER INORGANIC
COMPOUNDS/IONS

Asbestos Y Y

Chloride N N N N

Chlorine N N Y no data Y

Cyanide N N Y no data Y

Fluoride N N Y Y Y

Hydrochloric Acid N N N N

Nitrate N N Y Y V

Nitrite N N Y no data Y

Sulfate N N N N

VOC
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TABLE AE-2: GROUNDWATER CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Chloroform Y y

Porohioro- Y y
ethylene

Trichtoroethene Y y

OThER ORGANICS I _________I ___________ ___________ ________

Acetlo Aold N N Y no data V

Ethylenedlamine N N Y no data V

Ethylenodlamln. N N N N
tetracetic acid
(EDTA)

Formic Acid N N V no dem Y

flydrazine V y

Thiouirca N N Y no data V

HEAST = Health Effects Assessments Summary Tables (EPA 1991)
IRIS = integrated Risk Information System (EPA on-line database)
Y = Yes
N = No

-a
I-a
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TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE

DECISION LOGIC

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

___________ ___________ ___________ ______________ingestion? significance?

RADIONUCLIDES ingestion?

Tritium Y y

Cobalt-60 Y y

Strontium-90 Y y

Technetium-99 Y y

Antimony-125 Y y

lodine-129 Y y

CesIum-134 Y y

Cesium-137 Y y

Radium-226/228 Y y

Plutonium-238 Y y

Plutonium-2391240 y

METALS

Aluminum N Y N

Arsenic Y y

Barium N N Y Y y

Beryllium Y y

Cadmium N N Y Y Y

Chromium Y y

Lead Y y

0
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TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?
Manganese N N Y Y Y
Vanadium N N Y no data Y

OTHER INORGANIC
COMPOUNDSIIONS

Cyanide N N Y no data Y

Fluoride N N Y Y Y

Nitrate N N Y Y Y

Phosphoric Acid Y y

Sulfate N N N N

VOCs

Benzene Y Y

Chlorobenzene N N Y no data Y

Chloroform Y Y

Ethylbenzene N N Y no data Y

Methylena Y y
Chloride

Methyl Isobutyl N N Y no data Y
Ketone

Parchloro- Y y
ethylene

Trans-1.2- N N Y no data Y
Dichloroethano

-a

0

e
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TABLE AE-3: N-AREA CONTAMINANTS OF
TOXICOLOGICAL SIGNIFICANCE
DECISION LOGIC (CONTINUED)

HEAST = Health Effects Assessments Summary Tables (EPa 1991)
IRIS = Integrated Risk Information System (EPA on-line database)
Y = Yes
N = No

a Assumed to contain benzene

-:

N1

Regulatory 7: Is the 8: Candidate 9: Oral reference 10: Is the Hazard Contaminant
Contaminant contamininant for elimination dose in IRIS or Quotient greater of
of Concern a carcinogen? per guidance? HEAST? than 0.1 for toxicological

ingestion? significance?

Xylenes N N J no data Y

OTHER ORGANICS _ _ 1 1

8i (2-athylhexyll Y j
phthalate

Kydraine Y

PCBs Y Y

Petroleum Products, Y aY
Diasel OI, etc.

Tetrasthylpyro- N N N N
phosphate

Tetrahydrofuran N N N N

Thiurea N N V no data Y

0
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Table 1A
Potential Federal ARARs

Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

0 Il~

w
I-.

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Atomic Energy Act of 1954, as 42 U.S.C. 2011 et Authorizes DOE to set standards and
amended seq. restrictions governing facilities used for

research, development, and utilization of
atomic energy.

Radiation Protection 40 CFR Part 191 Establishes standards for management and
Standards disposal of high-level and transuranic waste

and spent nuclear fuel.

Standards for 40 CFR §191.03 A Requires that management and storage of Applicable to wastes disposed of after SW-4
Management and Storage spent nuclear fuel or high-level or transuranic November IS, 1985. SW-5,

radioactive wastes at all facilities for the SW-6
disposal of such fuel or waste that are SW-9,
operated by the DOE and that are not SW-10,
regulated by the Commission or Agreement GW-5,
States shall be conducted in such a manner as GW-6,
to provide reasonable assurance that the SS-4,
combined annual dose equivalent to any SS-5,
member of the public in the general SS-6,
environment resulting from discharges of SS-10,
radioactive material and direct radiation from SS-11
such management and storage shall not exceed
25 millirems to the whole body and 75
millirems to any critical organ.

Nuclear Regulatory 10 CFR Part 20
Commission Standards for
Protection Against Radiation

0>
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Table IA (Continued)
Potential Federal ARARs

Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

0

9)- 2 1 ) 2

Nz

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Radiation Dose Standards 10 CFR §§20.101- R&A Sets specific radiation doses, levels, and May be relevant and appropriate, as All
20.105 concentrations for restricted and unrestricted radioactive materials in the 100 Area can

areas. contribute radiation doses, levels, and
concentrations which could exceed the
limits; however, Hanford is not an
NRC-licensed facility.

Cleat Air Act, as amended 42 U.S.C. 7401 et A comprehensive environmental law designed
seq. to regulate any activities that affect air quality,

providing the national framework for
controlling air pollution.

National Primary and 40 CFR Part 50 Sets National Ambient Air Quality Standards
Secondary Ambient Air for ambient pollutants which are regulated
Quality Standards within a region.

Standards for Sulfur 40 CFR §50.4 A T1e primary ambient air quality standard for Applicable if remediation includes SW-9, SW-10,
Oxides (Sulfur Dioxide) sulfur oxides measured as sulfur dioxide are incineration of waste. SS-10, SS-11

80 micrograms per cubic meter (0.03 ppm),
annual arithmetic mean; 365 micrograms per
cubic meter (0.14 ppm) maximum 24-hour
concentration not to be exceeded more than
once per year.

Air Standards for 40 CFR §50.6 A Prohibits average concentrations of particulate A potential for particulate emissions exists SW-4, SW-5,
Particulates emissions in excess of 50 micrograms/rin during material handling or treatment, SW-6, SW-9,

annually or 150 micrograms/m per 24-hour including incineration. SW-10, GW-5,
period. OW-6, SS-4,

SS-5, SS-6,
SS-10, ss-Il

U0
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Table IA (Continued)
Potential Federal ARARs

Chemical-Specific

Alternatives
A/ Pbtentially

Description Citation R&A* Requirements Remarks Affected

Air Standards for Carbon 40 CFR §50.8 A The national primary ambient air quality Applicable if remediation includes SW-9, SW-10,
Monoxide standards for carbon monoxide are: incineration of waste. SS-10, SS-1I

(1) 9 parts per million (10 milligrams per
cubic meter) for an 8-hour average
concentration not to be exceeded more than
once per year and

(2) 35 parts per million (40 milligrams per .
cubic meter) for a I-hour average
concentration not to be exceeded more than "
once per year. T"

Standards for Nitrogen 40 CFR §50.11 A The level of the national primary and Applicable if remediation includes SW-9, SW-10,
Dioxide secondary ambient air quality standard for incineration. SS-10, SS-I I

nitrogen dioxide is 0.053 parts per million

(100 micrograms per cubic meter), annual
arithmetic mean concentration. -

Air Standards for Lead 40 CFR §50.12 A The national primary and secondary ambient Applicable if particulates suspended during SW-4, SW-5,
air quality standard for lead and its remedial activities are contaminated with SW-6, SW-9,
compounds measured as elemental lead are 1.5 lead, or if remediation includes incineration. SW-10, GW-5,
micrograms per cubic meter, maximum GW-6, SS-4,
arithmetic mean averaged over a calendar SS-5, SS-6,
quarter. SS-10, SS-lI

Standards for New Stationary 40 CFR Part 60
Sources

Incinerator Particulate 40 CFR §60.52 A Prohibits discharge of gases containing Applicable to incinerators of more than 45 SW-9, SW-1,
Standards particulates exceeding 0.18 g/dry cubic meter metric tons per day charging rate (50 tons SS-10, SS-1I

at standard conditions corrected to 12 percent per day).
CO,, on or after the date of the performance
test.

*NOTE: A = Applicable, R&A = Relevant and Appropriate



Table IA (Continued)
Potential Federal ARARs

Chemical-Specific

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

National Emissions Standards 40 CFR Part 61 Establishes numerical standards for hazardous
for Hazardous Air Pollutants air pollutants.
(NESHAP)

Emission Standard for 40 CFR §61.32 A Prohibits emissions of beryllium from Beryllium is a potential contaminant of SW-9, SW-10,
Beryllium stationary sources including incinerators in concern at the 100 Area. Remedial SS-10, SS-1I

excess of 10 gramslday unless otherwise incineration of waste may result in emissions
approved, of beryllium.

Emission Standard for 40 CFR §61.52 A Prohibits emissions of mercury fiom sludge Applicable to drying of wastewater treatment SW-9, SW-10,
Mercury incineration plants or sludge drying plants plant sludge. Mercury is a potential GW-6, SS-10,

exceeding 3200 graimsday. contaminant of concern in the 100 Area. SS-11 -

Radionuclide Emissions 40 CFR §61.92 A Prohibits emissions of radionuclides to the Applicable to incinerators and other remedial SW-4, SW-5,
from DOE Facilities ambient air exceeding an effective dose technologies where air emission may occur. SW-6, SW-7,
(except Aibhorne equivalent of 10 mrm per year. SW-8, SW-9, >
Radon-222) SWIO, GW-5,

GW-6, SS-4,
SS-5, SS-6,
SS-10, SS-1I

Emission Standards for 40 CFR §61.150 A States there must either be no visible Applicable to recovery and handling of SW-4, SW-5,
Asbestos for Waste emissions to the outside air during the asbestos wastes. SW-6, SW-9,
Disposal Operations for collection, processing (including incineration), SW-10
Demolition and packaging, or transporting of any
Renovation asbestos-containingwaste material generated

by the source, or specified waste treatment
methods must be used.

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Table 1A (Continued)
Potential Federal ARARs

Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

t~4 ) ~) 0

tIn

Alternatives
At Potentially

Description Citation R&A* Requirements Remarks Affected

Asbestos Standard for 40 CFR §61.154 A States there must either be no visible Applicable to landfill disposal of asbestos. SW-4, SW-5,
Active Waste Disposal emissions to the outside air during the SW-6, SW-9,
Sites collection, processing (including incineration), SW-10

packaging, or transporting of any
asbestos-containingwaste material generated
by the source, or specified waste treatment
methods must be used.

Federal Water Pollution Control 33 U.S.C. 1251 et Creates the basic national framework for water
Act, as amended by the Clean seq. pollution control and water quality
Water Act of 1977 management.

Designation of Hazardous 40 CFR Part 116 A Designated hazardous substances are in Tables Designates hazardous substances in All
Substances 116.4A and 116.4B of the regulations. accordance with requirements of Clean

Water Act Section311(b)(2)(A). These are
included in the CERCLA list of hazardous
substances.

Determination of Reportable 40 CFR Part 117 A Establishes reportable quantities of substances. Applicable if a release into or onto navigable All
Quantities for Hazardous waters adjoining shorelines or contiguous
Substances zone exceeds quantities listed in Table 117.3

of the regulations.

National Pollutant Discharge 40 CFR Pat 122 Establishes permitting requirements, Permit may not be required for CERCLA
Elimination System (NPDES) technology-based limitations and standards, actions; however, substantive requirements

control of toxic pollutants, and monitoring of must be met.
effluents to assure permit conditions and limits
are not exceeded.

ej
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Table IA (Continued)
Potential Federal ARARs

Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

0

td
6

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Permit Conditions 40 CFR §122.41- R&A Establishes conditions that apply to NPDES Applicable to direct discharges of SW-4, SW-5,
122.50 permits including effluent limitations and wastewaters to waters of the U.S. SW-6, SW-7,

monitoring requirements. Treatment of process waters that will be SW-8, SW-9,
discharged to waters of the U.S. will be SW-10, GW-5,
required to meet all applicable effluent GW-6, SS4,
limitations, quality standards, and toxic SS-5, SS-6,
pollutant discharge standards as determined SS-10, SS-1I
by the state, and/or federal discharge
permitting authority.

Safe Dr'iking Water Act 42 U.S.C. 300f et Creates a comprehensive national framework

seq. to ensure the quality and safety of drinking
water.

National Primary Drinking 40 CFR Part 141 R&A Establishes maximum contaminant levels Applicable to public water systems. All
Water Regulations (MCL) and maximum contaminant level goals Potential chemicals and radionuclides of

(MCLG) for organic, inorganic, and concern may migrate to the drinking water
radioactive constituents. The MCL for supply as a result of remedial activities.
combined radium-226 and radium-228 is Although federal MCLGs are not
5 pCi/L. The MCL for gross alpha particle enforceable standards, they are potential
activity (including radium-226 but excluding ARARs under the Washington State Model
radon and uranium) is 15 pCi/L. The average Toxics Control Act when more stringent
annual concentration of beta particle and than other standards. See state ARARs.
photon radioactivity from manmade
radionuclides in drinking water shall not
produce an annual dose equivalent to total
body or any internal organ in excess of 4
milliremlyear. See Tables 2A and 2B for
other MCLs.

5-.
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Table IA (Continued)
Potential Federal ARARs

Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

7
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-4

Alternatives
Al Potentially

Description Citation R&A' Requirements Remarks Affected

National Secondary Drinking 40 CFR Part 143 R&A Controls contaminants in drinking water that Although federal secondary drinking water All
Water Regulations primarily affect the aesthetic qualities relating standards are not enforceable, they are

to the public acceptance of drinking water. potential ARARs under the Washington State
Model Toxics Control Act when more
stringent than other standards. See state
ARARx.

Solid Waste Disposal Act, as 42 U.S.C. 6901 et Establishes the basic framework for federal
amended by the Resource seq. regulation of solid and hazardous waste.
Conservation and Recovery Act
(RCRA)

Criteria for Classification 40 CFR j257.34 A A facility or practice shall not contaminate an The courts or the state may establish SW-4, SW-5,
of Solid Waste Disposal underground drinking water source beyond the alternate boundaries. SW-6, SW-7,
Facilities and Practices solid waste boundary. SW-8, SW-9,

SW-10, GW-4,
GW-5, GW-6,
SS4, SS-5,
SS-6, SS-7,
SS-8, SS-9,
SS-10, SS-1I
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Table IA (Continued)
Potential Federal ARARs

Chemical-Specific

'These are State of Washington regulatory citations which are equivalent to Title 40 Code of Federal Regulations, Parts 264 and 268 as stated in Washington Administrative
Code 173-303.

*NOTE: A = Applicable, R&A = Relevant and Appropriate

00

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Groundwater Protection 40 CFR §264.92 A A facility shall not contaminate the uppermost Groundwater concentration limits in this SW-4, SW-5,
Standards [WAC 173-303-64 aquifer underlying the waste management area section do not exceed 40 CFR 141. SW-6, SW-7,

s] beyond the point of compliance, which is a SW-B, SW-9,
vertical surface located at the hydraulically SW-10, GW-4,
downgradient limit of the waste management GW-5, GW-6,
area that extends down into the uppermost SS4, SS-5,
aquifer underlying the regulated area. The SS-6 SS-7,
concentration of certain chemicals shall not SS-8, SS-9,
exceed background levels, certain specified SS-10, SS-11
maximum concentrations, or alternate
concentration limits, whichever is higher.

Land Disposal Restrictions 40 CFR Part 268 Generally, prohibits placement of restricted
[WAC 173-303-14 RCRA hazardows wastes in land-based units
0] such as landfills, surface impoundments, and

waste piles.

Treatment Standards 40 CFR §§268.40 A Establishes treatment standards which, when Applicable if remediation includes disposal SW-9, SW-10,
- 268.44 met, allow land disposal or storage of and/or storage of restricted wastes. GW-4, GW-5,
[WAC 173-303-14 restricted wastes. GW-6, SS-4,
0] SS-5, SS-6,

SS-7, SS-8,
SS-9, SS-10,
SS-11

Cw
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Table 1A (Continued)
Potential Federal ARARs

Chemical-Specific

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Toxic Substances Control Act 15 U.S.C. 2601 et
seq-

Regulation of Polychlorinated 40 CFR Part 761 Establishes prohibitions of, and requirements
Biphenyls (PCB) for, management of PCB. and PCB items

from manufacauring through disposal.

Storage and Disposal 40 CFR §§761.60 A Requires specified methods of storage and SWA, SW-5,
-761.79 disposal of PCBs in concentrations exceeding SW-6, SW-9,

50 ppm. Methods vary depending on the type SW-10, GW-5,
of PCB waste. GW-6, SS-4,

SS-5, SS-6, 0w SS-10, SS-1I

Uranium Mill Tailings Public Law
Radiation Control Act of 1978 95-604, as

amended

Standards for Uranium and 40 CFR 192 Establishes standards for control, cleanup, and
Thorium Mill Tailings ianagement of radioactive materials from

inactive uranium processing sites.

*NOTE: A = Applicable, R&A = Relevant and Appropriate



)
- :~ .7 *;

Table 1A (Continued)
Potential Federal ARARs

Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

i-a
C

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Land Cleanup Standards 40 CFR §§192.10 R&A Requires remedial actions to provide May be relevant and appropriate, as any All
- 192.12 reasonable assurance that, as a result of radium-226 encountered during remediation

residual radioactive materials from any did not result from uranium processing.
designated processing site, the concentration
of radium-226 in land averaged over any area
of 100 square meters shall not exceed the
background level by more than 5 pCi/g,
averaged over the first 15 cm of soil below the
surface, and 15 pCi/g, averaged over
15-cm-thick layers of soil more than 15 cm
below the surface. In any habitable building,
a reasonable effort shall be made during
remediation to achieve an annual average (or
equivalent) radon decay product concentration
(including background) not to exceed 0.02
Working Level (WL). In any case, the radon
decay product concentration (including
background) shall not exceed 0.03 WL and the
level of gamma radiation shall not exceed the
background level by more than 20
microroentegens per hour.

Implementation 40 CFR §§192.20 R&A Requires that when radionuclides other than May be relevant and appropriate, as any All
- 192.23 radium-226 and its decay products are present radium-226 encountered during remediation

in sufficient quantity and concentration to did not result from uranium processing.
constitute a significant radiation hazard from
residual radioactive materials, remedial action
shall reduce other residual radioactivity to
levels as low as reasonably achievable
(ALARA).

0
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Table 1B

Potential State ARARs
Chemical-Specific

w
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*NOTE: A = Applicable, R&A = Relevant and Appropriate

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Departmmt of Social and Health 43.20A RCW
Services (Drinking Water)

Public Water Supplies WAC 248-54 Establishes requirements to protect users of
public drinking water supplies.

Maximum Contaminant Levels WAC 248-54-175 A The MCL for radium-226 is 3 pCiIL. The level for radium-226 exceeds the All
(MCL) federal MCL in 40 CFR 192.

Model Toxics Control Act 70.105D RCW Requires remedial actions to attain a degree
(MTCA) of cleanup protective of human health and

the environment.

Cleanup Regulations WAC 173-340 Establishes cleanup levels and prescribes
methods to calculate cleanup levels for soils,
groundwater, surface water, and air.

t.J
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Table lB (Continued)

Potential State ARARs
Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

0

W

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Groundwater Cleanup Standards WAC 173-340-720 R&A Requires that where the groundwater is a Federal maximum contaminant level goats All
potential source of drinking water, cleanup for drinking water (40 CFR Part 141) and
levels under Method B must be at least as federal secondary drinking water regulation
atringent as concentrations established under standards (40 CFR Part 143) are potential
applicable state and federal laws, including ARARs under MTCA when they are more
the following: stringent than other standards. Method B

cleanup levels are levels applicable to
(A) Maximum contaminant levels remediation at Hanford unless a
established under the Safe Drinking Water demonstration can be made that method C
Act and published in 40 CFR 141, as (alternate cleanup levels) is valid.
amended;

(B) Maximum contaminant level goals for
nonoarcinogens established under the Safe
Drinking Water Act and published in 40
CFR 141, as amended;

(C) Secondarymaximumcontaminantlevels
established under the Safe Drinking Water
Act and published in 40 CFR 143, as
amended; and

(D) Maximum contaminant levels
established by the state board of health and
published in Chapter 248-54 WAC, as
amended.

See Tables 2A and 2B for cleanup levels for
groundwater.

d0



Table 1B (Continued)

Potential State ARARs
Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
A Potentially

Citation R&A* Requirements Remarks Affected

Soil Cleanup Standards WAC 173-340-740 R&A MTCA Method B concentration limits in SS-1, SS-2,
micrograms per kilogram for potential SS-3, SS-4,
contaminants in soils, sediments, and sludges SS-5, SS-6,
are: SS-7, 3-8,

SS-9, SS-10,
Boron 7,200,000 SS-1l
Lead 112,000
Manganese 8,000,000
Vanadium 560,000
Cyanide 1,600,000
Bis (2-ethylhexyl)

phihalate 71,400
PCBs 130
Acetone 8,000,000
Benzene 34,482
Chlorobenzene 1,600,000
Trans -1,2-dichloroethene 1,600,000
Ethylbenzene 8,000,000
Methyl Isobutyl Ketone 400,000
Perchloroethylene 19,607

Solid Waste Managment 70.95 RCW
Recovery and Recycling Act

Minimum Functional Standards WAC 173-304 Establishes requirements to be met statewide
for Solid Waste Handling for the handling of all solid waste.

00
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Table lB (Continued)

Potential State ARARs
Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Landfilling Standards WAC 173-304-460 A Prohibits an operator/owner from violating SW-4, SW-5,
Chapter 90.48 RCW (Water Pollution SW-6, SW-9,
Control) or any receiving water quality SW-10, GW-5,
standards from discharges of surface mun-off, GW-6, SS-4,
leachate, or any other liquid associated with SS-5, SS-6,
a landfil. Prohibits violation of any ambient SS-10, SS-11
air quality standard at the property boundary
or emission standard from any emission of
landfill gases, combustion, or any other
emission associated with a landfill. Prohibits
explosive gases whose concentration exceeds
100 ppm by volume of hydrocarbons
(expressed as methane) in off-site structures.

Water Poliution Control 90.48 RCW

WAC 173-201 Sets surface water quality standards for the
Surface Water Quality Standards sate.

0 1
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Table 1B (Continued)

Potential State ARARs
Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
Al Potentially

Description Citation R&A# Requirements Remarks Affected

Water Criteria Classes WAC 173-201-045 A Standards for surface water designated The Hanford reach of the Columbia River SW4, SW-5,
"Class A" include: freshwater temperature is classified "Class A." SW-6, SW-7,
shall not exceed 18.0*C due to human SW-8, SW-9,
activities. Temperature increases shall not at SW-10, GW-5,
any time exceed t = 28fr+7 where "Y GW-6, SS-4,
represents the maximum permissible SS-5, SS-6,
temperature increase measured at a dilution SS-10, SS-11
zone boundary; and "T" represents the
background temperature as measured at a
point or points unaffected by the discharge
and representative of the highest ambient
water temperature in the vicinity of the
discharge.

When natural conditions exceed 18.00
(freshwater) and 16.0' (marine water), no
temperature increase will be allowed which
will raise the receiving water temperature by
greater than 0.3*C.

Provided that temperature increase resulting
from nonpoint source activities shall not
exceed 2.89C, and the maximum water
temperature shall not exceed 18.30C
(freshwater).

pH shall be within the range of 6.5 to 8.5
(freshwater) with a man-caused variation
within a range of less than 0.5 units.

s
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Table 1B (Continued)

Potential State ARARs
Chemical-Specific

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Toxic Substances WAC 173-201-047 A Sets surface water limits for toxic All
substances. Freshwater limits in micrograms
per liter for 100 Area contaminants are:

Cadmium (acute): < a" ""

Cadmium (acute): 1  "1

Lead (acute): < e k N s"J"M
Lead (acute): < at'"'Nia.4SP
Nickel (acute): I
Nickel (chronic): < eOI"* udi"l+"

(acute) (chronic)
Chlorine 19.0' 11.01
Chromium 16.0' 11.0'
Cyanide 22.0' 5.2
Mercury 2.4- 0.012
PCBs 2.0' 0.014

'A one-hour average concentration not to be
exceeded more than once every three years.
"A four-day average concentration not to be
exceeded more than once every three years.
'A 24-hour average not to be exceeded.
NOTE: Hardness is a measure of the
calcium and magnesium salts present in
water, measured in milligrams per titer as
calcium carbonate.

11:
0

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Table 1C
Potential TBCs

Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

t) *j 7 .7/
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Alternatives
Potentially

Description Citation Requirements Remarks Affected

Bweton-Franklin-Walla Walla General
Counties Air Pollution Control Regulation 80-7
Authority

Maximum Permissible Section 400-040 Prohibits emission of air contaminants for more than 3 SW-4, SW-5,
Emissions minutes/hour when emissions at or near the emission SW-6, SW-9,

source exceed 20 percent opacity, except under special SW-10, GW-5,
circumstances. GW-6, SS-4,

SS-5, SS-6,
SS-10, SS-1 I

Maximum Allowable Enissions Section 400-050 Prohibits emissions exceeding 100 ppm of total SW-9, SW-10,
for Combustion and Incineration carbonyls. SS-10, SS-11
Sources

Maximum Emissions for Section 400-060 Prohibits emissions of particulates from general process Pertinent to sources that result in a physical or SW-9, SW-10,
General Process Sources sources exceeding 0.10 grain (.0065 gram) per standard chemical change in material (excluding GW-5, GW-6,

cubic foot of dry exhaust gas. combustion). SS-10, SS-1 I

Model Toxics Control Act 70.105D RCW

Cleanup Regulations WAC 173-340 The State Department of Ecology is currently adapting
the calculations in MTCA to be applicable to
radioactive contaminants. These cleanup standards may
become available prior to or during remediation.

0
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Table IC (Continued)
Potential TBCs

Chemical-Specific

Alternatives
Potentially

Description Citation Requirements Remarks Affected

National Primary Drinking 40 CFR 141 Proposed maximum contaminant level goals (MCLGs) Federal MCLGs are ARAR under MTCA when All
Water Regulations (Federal Register, July 18, 1991) ase: they are more stringent than other state

standards.
Contaminant MCLG

Radium-226 zero
Radium-228 zero
Uranium zero
Gross alpha emitters zero
Beta and photon emitters zero

U.S. Department of Energy Orders

Radiation Protection of the Public DOE 5400.5 Establishes radiation protection standards for the public
and the Environment and environment.

Radiation Dose Limit (All DOE 5400.5, The exposure of the public to radiation sources as a Pertinent if remedial activities are "routine All
Pathways) Chapter H, consequence of all routine DOE activities shall not DOE activities."

Section Ia cause, in a year, an effective dose equivalent greater
than 100 rrem from all exposure pathways, except
under specified circumstances.

Radiation Dose Limit DOE 5400.5, Provides a level of protection for persons consuming Pertinent if radionuclides may be released All
(Drinking Water Pathway) Chapter U, water from a public drinking water supply operated by during remediation.

Section ld DOE so that persons consuming water from the supply
shall not receive an effective dose equivalent greater
than 4 inr per year. Combined radium-226 and
radium-228 shall not exceed 5 x 104Ci/mL and gross
alpha activity (including radium-226 but excluding
radon and uranium) shall not exceed 1.5 x 104 pCi/mL.

*NOTE: A = Applicable, R&A = Relevant and Appropriate



Table IC (Continued)
Potential TBCs

Chemical-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

I-.

Alternatives
Potentially

Description Citation Requirements Remarks Affected

Residual Radionuclides in Soil DOE 5400.5 Generic guidelines for radium-226 and radium-228 are: Residual concentrations of radioactive material SS-1, SS-2,
Chapter IV, in soil are defined as those in excess of SS-3, SS-4,
Section 4a * 5 pCi/g averaged over the firm 15 cm of soil background concentrations averaged over an SS-5, SS-6,

below the surface; and area of 100 S. SS-7, SS-8,
SS-9, SS-10,

* 15 pCi/g avenged over 15-cm-thick layers of soil MI-Il
more than 15 cm below the surface.

Guidelines for residual concentrations of other
radionuclides must be derived from the basic dose
limits by means of an environmental pathway analysis
using specific property data where available.
Procedures for these deviations are given in "A Manual
for Implementing Residual Radioactive Material
Guidelines" (DOEJCH-8901). Procedures for
determination of "hot spots,* "hot-spot cleanup limits,"
and residual concentration guidelines for mixtures are in
DOE/CH-8901. Residual radioactive materials above
the guidelines must be controlled to the required levels
in 5400.5, Chapter H and Chapter IV.

0
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Table 2A
Potential Water Quality Criteria and Limits for Radionuclides

Radiation Protection Safe Drinking Water Act State Limit for Columbia River
Standards Primary MCL Groundwater Concentration

Contaminant (pCi/L) (pCi/L) (pCi/L) DOE Order 5 400 .5d (pci/L)o
Tritium 2.0 E+04 2.0 E+04 8.0 E+04 130.0
Carbon-14 8.0 E+06 2.8 E+03
Calcium-41 4.0 E+03
Cobalt-60 5.0 E+05 2.0 E+02
Nickel-63 3.0 E+05 1.2 E+04
Selenium-79 8.0 E+02
Krypton-85

Strontium-90 8 8 4.0 E+01
Zirconium-93 8.0 E+06 3.6 E+03
Niobium-94 1.2 E+03
Paltadium-107 4.0 E+04
Cadmium-I13 3.2 E+01
Iodine-129 3.0 E+03 2.0 E+01
Cesium-134 9.0 E+04 8.0 E+01
Samarium-151 6.0 E+05 1.6 E+04
Europium-152 8.0 E+05 8.0 E+02
Radium-226/228 5 5 5 4.0 E+00
Uranium-235/238 2.4 E+01
Uranium-238 4.0 E+05 2.4 E+01
Plutonium-238 5.0 E+04 1.6 2+00
Plutonium-239/240 1.2 E+00
Plutonium-241 2.0 E+06 8.0 E+01
Americium-241 4.0 E+04 1.2 E+00

See footnote key at end of table.
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Draft A
Table 2A

Potential Water Quality Criteria and Limits for Radionuclides (Footnotes)

Source: 40 CFR 191.
1 Source: 40 CFR §141.16.

Source: Washington Ground Water Quality Standards. Enforcement limits may exceed
these values when the natural ground water quality exceeds the criteria or when other
exceptions contained in WAC 173-200-050(3)(b) apply.

d Four percent of the derived concentration guide values are shown because the DOE limit
for each contaminant in drinking water is 4 mrem/year; the total of all contaminants is not
to exceed the DOE exposure limit of 100 mrem/year.
Source: Ebasco Services Incorporated, 1991, "Engineering Evaluation of Containment
Alternatives for N-Springs Releases," WHC-SD-EN-EE-003, Rev. 0, Richland,
Washington.

NOTE: Limits for gross alpha and beta particle and photon radioactivity are listed in Table
1A (40 CFR Part 141).

B-21
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Potential Water Quality

t!3
1'.)

Table 2B
Criteria and Limits for Nonradionuclides

See footnote key at end of table.

Safe Drinking Water
Water Quality Criteria (pg/L) Act

Contaminant Columbia River Protection of Human Protection of Freshwater Protection of Freshwater Primary MCL State Limit for
(Metal) Concentration (pg/L)- HCalthb Aquatic Species (Chronic)' Aquatic Species (Acute)' (pg/L)d Groundwater (@g/Lt

Arsenic 0.018 190 360 50 0.05
Beryllium 0.0005 0.0077 5.3 130 80
Barium 0.0430 1 Mg 2,000 200

Cadmium <0.001 16 1.1 3.9 5 8.5

Chromium <0.001 170 11 16 100 50

Cobalt

Lead 0.0020 50 3.2 82 5r- 22.4

Manganese 0.0050 50 50

Merory 0.0001 0.14 0.012 2.4 2 2

Nickel 0.0020 610 160 1,400 320 i
t:1

t3

N-
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Table 2B (Continued)

Potential Water Quality Criteria and Limits for Nonradionuclides

Safe Drinking Water
Contaminant Water Quality Criteria (pg/L) Act

(Nonmetallic Ion or Columbia River Protection of Human Protection of Freshwater Protection of Freshwater Primary MCL State Limit for
Compound) Concentration (agIL)Y Healthb Aquatic Species (Chronic) Aquatic Species (Acute)' (9g/L)d Groundwater (pg/L)C

Asbestos 7 x 10 fibers/L 7 x 10' fibersiL
Chloride 6.0 250,000
Chlorine

Cyanide 700 5.2 22.0 320
Fluoride 0.20 4,000 2,000
Hydrochloric Acid

Nitrate 0.30 10,000 10,000
Nitrite 1,000 1,000

Phosphoric Acid

Sulfate 14.0250,000

-Li >)

See footnote key at end of table.
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Table 2B (Continued)
Potential Water Quality Criteria and Limits for Nonradionuclides

Safe Drinking Water
Water Quality Criteria (&g/L) Act

Protection of Protection of State Limit for
Contaminant Columbia River Protection of Freshwater Aquatic Freshwater Aquatic Groundwater

(Volatile Organic Compound) Concentration (Qg/L) Human Healhb Species (Chronic) Species (Acute)0  Primary MCL (pg/L) (pg/L)*

Benzene 1.2 5,300 5 1.0

Chlorobenzene 680 160

Chloroform 5.7 100 7

Trans-1,2-dichloroethene
700 100 100

Ethylbeazene 3,100 700 700

Methylene Chloride 4.7 5 5

Methyl Isobutyl Ketone (MIRK)

Perchlorethlyene
(Tetrachloroethene,

Totrachloroethylene 0.8 840 5,280 5 0-8

Trichloroethene 2.7 21,900 45,000 5 3

Xylenes (Total) 10,000 1,000

See footnote key at end of table.

0
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Table 2B (Continued)
Potential Water Quality Criteria and Limits for Nonradionuclides

See footnote key at end of table.

Safe Drinking Water
Contaminant Columbia River Water Quality Criteria (pg/L) Act

(Nonvolatile Organic Concentration Protection of Protection of Freshwater Protection of Freshwater State Limit forCompound) (pg/L) Human Healthb Aquatic Species (Chronic)' Aquatic Species (Acute)' Primary MCL (pg/L4 Groundwater (&gJLf
Acetic Acid

Aminoniated citric acid
solutions

Bis(-2-ethylhexyl)
phthalate 6
Ethylenediamine

Ethylenediamine tetruacetic
Acid (EDTA)

Formic Acid

Oxalic Acid

Hydrazine 0.03
PCBs 0.079 ng 0.014 2 0.5 0.01
Tetraethyl
pyrophosphate

Tetrahydrotiran

ThioureL

0
0
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Draft A

Table 2B
Potential Water Quality Criteria and Limits (Footnotes)

Source: Ebasco Services Incorporated, 1991, "Engineering Evaluation of Containment
Alternatives for N-Springs Releases," WHC-SD-EN-EE-003, Rev. 0, Richland,
Washington.

b Human health values shown are for consumption of water and organisms. The values are
from the November 19, 1991, EPA-proposed toxics rule-the most current values available
from the EPA as of this writing.

c Source: EPA "Quality Criteria for Water 1986" and EPA "Update #2 to Quality Criteria
for Water 1986."

d Source: 40 CFR §§141.61-141.62 for all MCLs except lead and arsenic (40 CFR
§141.11).

* The most restrictive concentration from the Washington Ground Water Quality Standards or
the Model Toxics Control Act (MTCA) (Method B) is shown. In accordance with MTCA,
state limits include federal maximum contaminant level goals (MCLG) from 40 CFR 141
and federal secondary drinking water standards (40 CFR 143), if these values are more
stringent than state standards. Where the Washington Ground Water Quality Standards are
the most restrictive, enforcement limits may exceed these values when the natural ground
water quality exceeds the criteria or when other exceptions contained in WAC 173-200-050
(3)(b) apply.

' The MCL for lead (40 CFR §141.11) is in effect until December 7, 1992; no revised MCL
for lead after that date is available.

B-26
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Table 3A
Potential Federal ARARs

Action-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

~1

tyJ
-1

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Atomic Energy Act of 1954 42 U.S.C. 2011 Ct Authorizes DOE to set standards and
seq. restrictions governing the design, location,

and operation of fTcilities used for
research, development, and utilization of
atomic energy.

Radiation Protection Standards 40 CFR Part 191 A Requires monitoring of spent nuclear fuel, Applicable to waste disposed of after SW-4, SW-5,
Subpart B high-level, or TRU disposal systems after November 18, 1985. SW-6, SW-9,

disposal; specifies controls for disposal SW-10, GW-5,
sites; requires barriers for disposal systems; GW-6, SS4,
sets criteria for selecting disposal sites and SS-s, SS-6,
systems. SS-10, SS-11

Licensing Requirements for 10 CFR Part 61 Establishes criteria for the land disposal of
Land Disposal of Radioactive radioactive waste.
Waste

Performance Objectives 10 CFR §§61.40- R&A Land disposal facilities must be sited, Applicable to on-site disposal of radioactive SW-4, SW-5,
61.44 designed, operated, closed, and controlled materials. SW-9, SW-10,

after closure to assure that exposure to GW-5, GW-6,
humans is within established limits. SS-4, SS-5,

SS-6, SS-10,
SS-Il

Technical Requirements 10 CFR §§61.50- R&A Establishes design criteria for land disposal SW-4, SW-5,
61.59 sites and other requirements for site SW-9, SW-10,

suitability, operation, closure, monioring, OW-5, GW-6,
waste classification, and waste SS-4, SS-5,
characteristics. SS-6, 88-10,

SS-11

t
0
Mr

to



Table 3A (Continued)
Potential Federal ARARs

Action-Specific

Alternatives
At Potentially

Description Citation R&A* Requirements Remarks Affected

Clean Air Act 42 U.S.C. 7401 et
seq.

National Emission Standards 40 CFR Part 61
for Hazardous Air Pollutants

Asbestos Standard for 40 CFR §61.150 A Prohibits visible emissions to the outside air Applicable if asbestos-containing waste will be SW-4, SW-5,
Waste Disposal during incineration, packaging, or incinerated, packaged or "r asborted. SW-6, SW-9,

transporting of any asbastos-ontainiing SW-10, GW-5,
waste material generated by the source GW46, SS-4, tunless a spocified emission control and SS-5, SS46,0
waste treatment method is used. SS-10, SS- Il

Asbestos Standard for 40 CFR §61.154 A Sets requirments for covering of asbestos- Applicable if waste sites receive asbestos- SW-9, SW-10,
Active Waste Disposal containing waste, if requirements for no containing materials. GW-4, GW-5,
Sites visible emissions are not met at sites where GW-6, SS-4,

such waste is deposited. Requires a natural SS-5, SS-6,
barrier or warning signs and fencing to SS-7, SS-8,
deter public access to the site. SS-9, SS-10,

SS-11

Federal Water Pollution Control 33 U.S.C. 1251 et Creates the basic national framework for Applicable to discharges of pollutants to
Act (FWPCA), as amended by seq. water pollution control and water quality navigable waters.
the Clean Water Act of 1977 management in the United States.
(CWA)

The National Pollutant 40 CFR Pars 122 A Padt 122 covens establishing technology- Applicable if remediation includes wastewater SW-4, SW-S,
Discharge Elimination based limitations and standards, control of discharge; also applies to storm water runoff SW-6, SW-7,
System (NPDES) toxic pollutants, and monitoring of effluent associated with industrial activities. Effluent SW-8, SW-9,

to assure limits are not exceeded. limitations established by EPA and included in SW-10, GW-5,
NPDES permit. GW-6, SS-4,

SS-5, SS-6,
SS-10, SS-II

-NOTE: A = Applicable, R&A = Relevant and Appropriate
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Table 3A (Continued)
Potential Federal ARARs

Action-Specific

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

NPDES Criteria 40 CFR §125.104 Best management practices program shall
and Standards be developed in accordance with good

engineering practice.

Discharge of Oil 40 CFR Part 110 A Prohibits discharge of oil that violates Runoff from site will need control for oily All
applicable water quality standards or causes waste discharge to waters of the United States.
a sheen of oil on water surface.

Safe Drinking Water Act 42 U.S.C. 300f et Creates a comprehensive national Applicable to public water systems.
(SDWA), as amended seq. framework designed to ensure the quality

and safety of drinking water supplies.

Underground Injection 40 CFR Part 144 A Identifies the minimum requirements for Applicable for remedial action involving GW-5
Control (UIC) Program UIC programs. Requires all III wells to be reinjection of groundwater.

permitted and describes permining
procedures.

Criteria and Standards for 40 CFR Part 146 A Establishes siting, construction, operating, Applicable for remedial action involving GW-s
the Underground Injection monitoring, and closure requirements for reinjection of groundwater.
Control (UIC) Program all classes of injection wells. (Criteria and

standards for class IV welts are reserved at
this time.)

Solid Waste Disposal Act as 42 U.S.C.6901 et Establishes the basic framework for federal Hazardous waste generated by site remediation
amended by the Resource seq. regulation of solid waste. Subpart C of activities must meet RCRA generator and
Conservation and Recovery Act RCRA controls the generation, treatment, storage, or disposal (SD)
(RCRA) transportation, treatment, storage, and requirements.

disposal of hazardous waste through a
comprehensive "cradle to grave" system of
hazardous waste management techniques
and requirements.

*NOTE: A = Applicable, R&A - Relevant and Appropriate

N
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Table 3A (Continued)
Potential Federal ARARs

Action-Specific

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Guidelines for Thermal 40 CFR Part 240 Sets guidelines for thermal processing of Applicable only to nonhazardous solid wastes.
Processing of Solid Wastes solid wastes

Solid Waste Excluded 40 CFR §240.201 R&A Provision for storing, handling, and SW-9, SW-10,
removing hazardous or excluded wastes left SS-10, SS-1l
inadvertently at the facility should be
considered in design.

Site Selection 40 CFR §240.202 R&A Accessibility by permanent roads, and SW-9, SW-lo,
environmental, climatological, and SS-10, SS-11
socioeconomic criteria should be considered
when siting a facility.

General Design 40 CFR §240.203 R&A A plan for a new or modified facility, SW-9, SW-lO,
including a list of considerations and SS-10, SS-Il
rationale for the decisions on the
considerations, must be approved prior to
construction.

Identification and Listing of 40 CFR Part 261 A Identifies by both listing and Applicable if remediation techniques result in SW-4, SW-5,
Hazardous Waste [WAC 173-303-016] characterization, those solid wastes subject generation of hazardous wastes. SW-6, SW-9,

to regulation as hazardous wastes under SW-10, GW-5,
PNt 261-265,268, and 270. GW-6, SS-4,

SS-5, SS-6,
SS-10, SS-1I

Standards Applicable to 40 CFR Part 262 Describes regulatory requirements imposed Applicable if remediation techniques result in
Generators of Hazardous [WAC 173-303] on generators of hazardous wastes who generation of hazardous waste.
Waste treat, store, or dispose of the waste on-site.

General Requirements 40 CFR §262.20 A Generators who transport hazardous waste Applicable if hazardous waste is transported SW-5, SS-5,
[WAC 173-303-180] for off-site treatment, storage, or disposal off-site for treatment, storage, or disposal. SS-11

must originate and follow-up the manifest
for off-site shipments.

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Table 3A (Continued)
Potential Federal ARARs

Action-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

wz

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Packaging 40 CFR §262.30 A Before transporting a hazardous waste, the Applicable if hazardous waste is transported SW-5, SS-5,
[WAC 173-303-190] generator must package, label, mark, and off-site for treatment, storage, or disposal. SS-11

placard the shipment in accordance with
DOT regulations.

Accumulation Time 40 CFR §262.34 A Allows a generator to accumulate hazardous Hazardous waste removed from the 100-Ares SW-4, SW-5,
[WAC 173-303-200] waste on-site for 90 days or less without a operable units, and waste treatment residues, SW-6, SW-9,

permit, provided that all waste is are subject to the 90-day generator SW-10, GW-5,
containerized and labeled. accumulation requirements if the waste is stored GW-6, SS-4,

on site for 90 days or less. If hazardous waste SS-5, S-6,
is stored for more than 90 days, the hu SS-10, SS-1I
permitting standards for TSD facilities must be
mt.

Standards for Owners and 40 CFR Part 264 Establishes requirements for operating Applies to facilities put in operation since
Operators of Hazardous Waste [WAC 173-303] hazardous waste treatment, storage, and November 19, 1990. Facilities in operation
Treatment, Storage, and disposal facilities. before that date and existing facilities handling
Disposal Facilities newly regulated wastes must meet similar

requirements in 40 CFR Part 265. Applies if
remediation technique results in on-site
treatment, storage, or disposal of hazardous
waste.

General Facility Standards 40 CFR §§264.10- A Security fences, EPA ID number, SW-4, SW-5,
264.18 inspection records, personnel training, SW-6, SW-9,
[WAC 173-303-060; geologic location standards. SW-10, GW-5,
173-303-310; 173- GW-6, SS-4,
303-320; 173-303- SS-5, SS-6,
3301 SS-10, SS-11

'0
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Table 3A (Continued)
Potential Federal ARARs

Action-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate

0

t(

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Preparedness and 40 CFR §§264.30- A Facility design; required equipment; testing SW-4, SW-5,
Prevention 264.37 and maintenance of equipment; alarms and SW-6, SW-9,

[WAC 173-303-340] access to communications; required aisle SW-10, GW-5,
space; agreements with state emergency GW-6, SS-4,
response teams, equipment suppliers; SS-5, SS-6,
facility tours for fire and police department. SS-10, SS-11

Contingency Plan and 40 CFR §§264.50- A Written plans foe emergency procedures Applicable for active sites, reduced or SW-4, SW-5,
Emergency Procedures 264.56 and named coordinator. eliminated for closed sites. SW-6, SW-9,

[WAC 173-303-350; SW-10, GW-S,
173-303-360] GW-6, SS-4,

SS-5, SS-6,
SS-10, SS-11

Ground-water 40 CFR 1§264.97- A Owners and operators of new hazardous Applicable to those alternatives where wastes SW-4, SW-5,
Monitoring 264.99 waste disposal facilities must conduct a are to be removed and placed in new, SW-6, SW-9,

[WAC 173-303-6451 groundwater monitoring program in replacement, or expanded hazardous waste SW-10, GW-5,
accordance with 40 CFR 264.97. This disposal facilities to ensure hazardous waste GW-6, SS-4,
must include, if necessary, a detection constituents are not leaching out to the soil or SS-5, SS-6,
monitoring program under 40 CFR 264.99 groundwater SS-10, SS-1I
and a corrective action program under 40
CFR 264.100 if a groundwater protection
standard is exceeded or if the concentration
limits established under 40 CFR 264.94 are
exceeded between the compliance point and
the downgradient facility property
boundary.

0
0



Table 3A (Continued)
Potential Federal ARARs

Action-Specific

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Closure 40 CFR §§264.111- A Performance standard which controls, SW-4, SW-6,
264.116 minimizes, or eliminates, to the extent SW-9, SW-10,
[WAC 173-303-610] necessary to protect human health and the GW-5, GW-6,

environment, postclosure escape of SS-4, SS-6,
chemicals; closure plan; time limits; SS-10, SS-iI
disposal or decontaminationof equipment,
structures, soils; certification of closure
survey plat. All contaminated equipment,
structures, and soils must be properly
disposed.

Postclosure 40 CFR §§264.117- A Postclosure care must begin after Applicable to waste remaining in place after SW-4, SW-6,
264.120 completion of closure and continue for 30 closure. Requires postclosure care and SW-9, SW-10,
[WAC 173-303-610 years. During this period, the owner or monitoring to ensure elimination of escape of GW-5, GW-6,

operator must comply with all postelosure hazardous constituents, leachate, and SS-4,SS-6,
requirements, including maintenance of contaminated runoff. SS-10, SS-11
cover, leachate monitoring, and
groundwater monitoring.

Container Storage 40 CFR §§264.170- A Condition of containers; compatibility of May be applicable if container storage is to SW-4, SW-6,
264.178 waste with containers; container occur. Inspection requirements may be in SW-9, SW-10,
[WAC 173-160- management; inspections; containment; potential conflict with ALARA requirements. GW-5, GW-6,
173-161] special requirements for ignitable or SS-4, SS-6,

reactive wages. SS-10, SS-11

Tank Systems 40 CFR §§264.190 A Assessment of tank integrity; design and Applicable if remediation technique includes GW-5, GW-6
- 264.199 installation of new tank systems or tank systems for storage or treatment.
[WAC 173-303-6401 components; containment and detection of

releases; inspections; closure/postclosure
care; special requirements for ignitable or
reactive wastes.

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Table 3A (Continued)
Potential Federal ARARs

Action-Specific

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Landfills 40 CFR §§264.300- A Design and operating requirements, Applicable if remediation technique includes SW-4, SW-5,
264.317 including liner systems and control of disposal in landfills. Land Disposal SW-6, SW-9,
[WAC 173-303-6651 rainfall run-on and runoff; monitoring and Restrictions, (40 CFR Part 268) apply. SW-10, GW-5,

inspection; surveying and record keeping; GW-6, SS4,
closure/postclosure care, including final SS-5, SS-6,
cover, special requirements for ignitable or SS-10, SS-11
reactive wastes incompatible wastes, bulk
or containerized liquids and containers;
disposal of small containers.

Incineration 40 CFR §§264.340- A Waste analysis; perfosmance standards; Applicable if remediation technique includes SW-9, SW-10,
264.351 specified principal organic hazardous incineration in hazardous waste incinerators, SS-10, SS-11
[WAC 173-303-670] constituents; incinerator permit; monitoring boilers, or industrial firraces. See state -

and inspections; closure. ARARs for additional requirements.

Miscellaneous 40 CFR §§264.600- A Environmental performance standards; Applicable if remediation technique includes SW-4, SW-6,
Units 264.603 monitoring; analysis; inspection; response; treatment, storage, and/or disposal in a unit not SW-9, SW-10,

[WAC 173-303-6801 reporting; corrective action. specified in 40 CFR §§264.190-264.351. GW-5, GW-6,
Vaults may be determined to be miscellaneous SS-4, SS-6,
units. SS-10

Land Disposal Restrictions 40 CFR Part 268 A Generally prohibits placement of restricted Applicable unless wastes have been treated, SW-4, SW-5,
(LDR) [WAC 173-303-140- RCRA hazardous wastes in land-based units treatment has been waived, a treatment variance SW-6, SW-9,

WAC 173-303-141] such as landfills, surface impoundments, has been set for the waste, an equivalent SW-10, GW-5,
and waste piles. Prohibits storage of treatment method petition has been approved, a GW-6, SS-4,
restricted waste for longer than one year no-migration petition has been approved, or the SS-5, SS-6,
unless the owner/operator can prove waste has been delisted. SS-10, SS-11
storage is necessary to facilitate proper
recovery, treatment, or disposal.

-NOTE: A = Applicable, R&A = Relevant and Appropriate
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Table 3A (Continued)
Potential Federal ARARs

Action-Specific

-NOTE: A = Applicable, R&A = Relevant and Appropriate

wh

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Treatment 40 CFR §§268.40- A Establishes treatment standards that must be Applicable if wastes contain RCRA hazardous SW-4, SW-5,
Standards 268.43 met prior to land disposal. constituents. SW-6, SW-9,

[WAC 173-303-140] SW-10, GW-5,
GW-6, SS-4,
SS-5, SS-6,
SS-10, SS-lI

Prohibitions on 40 CFR §268.50 A The storage of hazardous waste restricted SW-4, SW-5,
Storage [WAC 173-303-1411 from land disposal under RCRA Section SW-6, SW-9,

3004 and 40 CFR 268, Subpart C, is SW-10, GW-5,
prohibited unless wastes are stored in tanks GW-6, SS-4,
and containers by a generator or the on-site SS-5, SS-6,
operator of a TSD facility solely for the SS-10, SS-1 I
purpose of accumulation of such quantities
as to facilitate proper treatment or disposal.
TSD facility operators may store wastes for
up to one year under these circumstances.

Technical Standards for 40 CFR Part 280 R&A Establishes design, construction, operating, Relevant and appropriate if USTs containing SW-3, SW-4,
Underground Storage [WAC 173-3601 release reporting, and closure requirements petroleum are installed as part of the remedial SW-5, SW-6,Tanks (UST) for USTs. action or are closed during the remedial action. SW-7, SW-8,

Not applicable to UST systems holding SW-9, SW-10,
hazardou wastes identified under the Solid GW-3, GW-4,
Waste Disposal Act. See state ARAR& for GW-5, GW-6,
additional requirements. SS-3, SS-4,

SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11
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Table 3A (Continued)
Potential Federal ARARs

Action-Specific

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Toxic Substances Control Act 15 U.S.C. 2601 et
(TSCA), as amended seq.

Regulation of 40 CFR Part 761 A For spills occurring after May 4, 1987, PCBs may have been disposed of in the landfill SW-9, SW-b0,
Polychlorinated Biphenyls spillage or disposal must be reported to sites in electrical capacitors or transforners. OW-5, GW-6,
(PCBs) EPA. Unless otherwise approved, PCBs at SS-10, SS-11

concentrations of 50 ppm or greater must
be treated in an incinerator. Spills that
occurred before May 4, 1987 are to be
decontaminated to requirements established
at the discretion of the EPA. 0

Uranium Mill Tailings Radiation Pub. L. 95-604, as Establishes controls of residual radioactive
O\Control Act of 1978 amended raterial at processing and depository sites.

Health and Environmental 40 CFR Part 192 R&A Requires remedial action of residual Although Hanford is not a site designated by All
Protection Standards for Subpart A radioactive material to be effective for at the Act, requirements of the Act are relevant
Inactive Uranium Processing least 200 years. and appropriate to the site.
Sites

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Table 3B
Potential State ARARs

Action-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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td

Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Department of Ecology 43.21A RCW Vests the Washington Department of
Ecology with the authority to undertake the
state air regulation and management
program.

Air Pollution Regulations WAC 173-400 Establishes requirements for the control Applicable if emission sources are created
and/or prevention of the emission of air during remedial action.
contaminants.

Standards for Maximum WAC 173400-40 A Requires best available control technology Applicable to dust emissions from cutting SW-2, SW-3,
Emissions, be used to control fugitive emissions of of concrete and metal and vehicular traffic SW-4, SW-5,

dust from materials handling, construction, during remediation. SW-6, SW-7,
demolition, or any other activities that are SW-S, SW-9,
sources of fugitive emissions. Restricts SW-10, GW-2,
emuitted particulates from being deposited GW-3, GW-4,
beyond Hanford. Requires control of odors GW-5, GW-6,
emitted from the source. Prohibits masking SS-2, SS-3,
or concealing prohibited emissions. SS-4, SS-5,
Requires measures to prevent fugitive dust SS-6, SS-7,
from becoming airborne. SS-8, SS-9,

SS-10, SS-11

Emission Standards for WAC 173-400-050 A Restricts operation of incinerators to Applicable if incineration is part of the SW-9, SW-10,
Combustion and daylight hours unless otherwise authorized. remedial action. SS-10, SS-1I
Incineration

Emission Limits for WAC 173-480 Controls air emissions of radionuclides Applicable to remedial activities that result
Radionuclides from specific sources, in air emissions.

0
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Table 3B (Continued)
Potential State ARARs

Action-Specific

Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

New and Modified WAC 173-480-060 A Requires the best available radionuclide Applicable to remedial actions that result in SW-4, SW-5,
Emission Units control technology be utilized in planning air emissions. SW-6, SW-9,

construction, installation, or establishing a SW-10, GW-3,
new emission unit. GW-4, GW-5,

GW-6, SS-4,
SS-5, SS-6,
SS-7, SS-9,
SS-10, SS-11

Hazardous Waste Management 70.105 RCW Establishes a statewide framework for the
Act of 1976 as amwded in 1980 planning, regulation, control, and
and 1983' management of hazardous waste.

Dangerous Waste WAC 173-303 Establishes the design, operation, and Includes requirements for generators of
Regulations monitoring requirements for management of dangerouswaste. Dangerouswaste

hazardous waste. includes the full universe of wastes
regulated by WAC 173-303 including
extremely hazardous waste.

Siting Criteria WAC 173-303-282 A Prohibits location of a dangerous waste Exceeds requirements of 40 CFR §264.18. SW-5, SW-6,
management facility within a 100-year SW-9, SW-IC,
floodplain or a land-based facility within a GW-5, GW-6,
500-year floodplain. Prohibits locating SS-4, SS-5,
facilities within 500 feet of a fault with SS-6, SS-10,
displacement during the Holocene. SS-Il
Establishes further siting criteria that
supplement federal requirements.

'The Hazardous Waste Management Act and regulations pursuant to the Act provide the statutory and regulatory basis for state aulhorization to implement RCRA. State of Washington regulations
that are equivalent to RCRA regulations are cited in brackets in the federal ARARs. The WAC 173-303 regulations cited in this section are thosejudged to be more stringent than RCRA regulations.

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Table 3B (Continued)
Potential State ARARs

Action-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Incinerators WAC 173-303-670 A Requires incinerators burning dangerous Exceeds requirements in 40 CFR 264.343. SW-9, SW-10,
waste to destroy designated byproducts so SS-10, SS-1I
that the total mass emission rate of the
byproducts is no more than .01 percent of
the total mass feed rate of principal organic
dangerous constiments fed into the
incinerator.

Model Toxics Control Act 70.105D RCW Authorizes the state to investigate releases

of hazardous substances, conduct remedial
actions, carry out state programs authorized
by federal cleanup laws, and to take other
actions.

Hazardous Waste Cleanup WAC 173-340 Addresses releases of hazardous substances Applicable to facilities where hazardous
Regulations caused by past activities, and potential and substances have been released, or there is a

ongoing releases from current activities. threatened release that may pose a threat to
human health or the environment.

Selection of Cleanup WAC 173-340-360 R&A Establishes cleanup requirements to include All
Actions in cleanupplans. Identifies technologies to

be considered for remediation of hazardous
substances.

Cleanup Actions WAC 173-340-400 R&A Ensures that the cleanup action is designed, All
constructed, and operated in accordance
with the cleanup plan and other specified
requirements.
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Table 3B (Continued)
Potential State ARARs

Action-Specific

Alternatives

Al Potentially
Description Citation R&A* Requirements Remarks Affected

Institutional Controls WAC 173-340-440 R&A Requires physical measures such as fences SW-2, SW-3,
and signs to limit interference with cleanup, SW4, SW-5,
and legal and administrative mechanisms to SW-6, SW-7,
enforce them. SW-S, SW-9,

SW-10, GW-2,
GW-3, GW-4,
GW-5, GW-6,
SS-2, SS-3,
SS-4, SS-5,
S"4, SS-7,
SS-8, SS-9, 0
SS-10I, SS-11 T

tt
Releases from WAC 173-340-450 R&A Requires interim actions to be performed These requirements supplement those in SW-3, SW-4,
Underground Storage within 20 days of confirmation of a UST WAC 173-360. SW-5, SW-6,
Tanks release. SW-7, SW-8,

SW-9, SW-10,
GW-3, GW-4,
OW-5, GW-6,
SS-3, SS-4,
SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11

Regulation of Public 90.44 RCW R&A Sets requirements for withdrawal and Applicable if remediation includes GW-3, GW-5,
Groundwater management of state groundwater. groundwater withdrawal. GW-6

Solid Waste Management Act 70.95 RCW Establishes a statewide program for solid Applicable if management of solid waste
waste handling, recovery, and/or recycling. occurs during remediation. Solid waste

controlled by this Act includes garbage,
industrial waste, construction waste, ashes,
and swill.

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Potential State ARARs

Action-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Minimum Functional WAC 173-304 Establishes requirements to be met
Standards for Solid Waste statewide for the handling of all solid
Handling waste.

On-site Containerized WAC 173-304-200 R&A Sets requirements for containers and All
Storage, Collection, and vehicles to be used on site; requires
Transportation Standards monthly inspections and retention of

inspection records for at least two years.

Underground Storage Tanks Act 90.76 RCW Establishes an administrative and Applicable if USTs are or will be
enforcement program for underground associated with remedial activities.
storage tanks (UST).

Underground Storage Tank WAC 173-360 Sets implementing requirements for Not applicable to UST systems holding
Regulations underground storage tanks. hazardous waste, subject to Subtitle C of

the Federal Solid Waste Disposal Act, or a
UST system that contains a de minimis
concentration of regulated substances. Sea
WAC 173-340 for additional requirements.

Release Detection for WAC 173-360-34 R&A Requires all methods of release detection Exceeds requirements in 40 CFR §280.43 SW-3, SW-4,
Tanks used after December 22, 1990, except for SW-5, SW-6,

methods in place prior to that date, to be SW-7, SW-8,
capable of detecting a leak rate or quantity SW-9, SW-10,
with a probability of detection of 0.95, and GW-3, OW-4,
a probability of a false alarm of 0.05. GW-5, GW-6,

SS-3, SS-4,
SS-5, S-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11
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Table 3B (Continued)
Potential State ARARs

Action-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
Al Potentially

Description Citation R&A* Requirements Remarks Affected

Release Detection for WAC 173-360-350 R&A Requires all methods of release detection Exceeds requirements in 40 CFR 4280.44. SW-3, SW-4,
Piping used after December 22, 1990, except for SW-5, SW-6,

methods in place prior to that date, to be SW-7, SW-8,
capable of detecting a leak rate or quantity SW-9, SW-10,
with a probability of detection of 0.95, and . GW-3, GW-4,
a probability of a false alarm of 0.05. GW-5, GW-6,

SS-3, SS-4,
SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11

Release Investigation WAC 173-360-370 R&A Requires leak-testing of any tanks and Exceeds requirements in 40 CFR §280.52. SW-3, SW-4,
piping that may or may not be in use but SW-5, SW-6,
are connected to a UST system that SW-7, SW-8,
routinely contains a regulated substance. SW-9, SW-10,

GW-3, GW-4,
GW-5, GW-6,
SS-3, SS4,
SS-5, SS-6,
SS-7, 55-8,
SS-9, ss-10,
SS-Il

0
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Potential State ARARs

Action-Specific

-NOTE A = Applicable, R&A = Relevant and Appropriate
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Temporary Closure of WAC 173-360-380 R&A Any UST system temporarily closed for Exceeds requirements of 40 CFR §280.70. SW-3, SW-4,
UST Systems three months or more must be tightness- SW-5, SW-6,

tested prior to being put back in service. SW-7, SW-B,
SW-9, SW-10,
GW-3, GW-4,
GW-5, GW-6,
SS-3, SS-4,
SS-5, SS-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11

Permanent Closure WAC 173-360-385 R&A Permanent closum must be completed Exceeds requirements of 40 CFR 3280.71. SW-3, SW-4,
within 60 days after expiration of the 30- SW-5, SW-6,
day notification of closure. If the tank SW-7, SW-8,
system is permanently closed, piping must SW-9, SW-10,
be removed or capped. GW-3, GW-4,

GW-5, GW-6,
SS-3, SS-4,
SS-5, 5s-6,
SS-7, SS-8,
SS-9, SS-10,
SS-11

0
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Potential State ARARs

Action-Specific
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Alternatives
A/ - Potentially

Description Citation R&A* Requirements Remarks Affected

Water Pollution Control Act 90.48 RCW Prohibits discharge of polluting matter in
waters.

Underground Injection WAC 173-218 A Establishes permitting requirements for Federal Criteria and Standards for the GW-5
Control Program injection of fluids through wells. Prohibits Underground Injection Control Program

injection of any dangerous or radioactive (40 CFR 146) are reserved at this time.
waste fluids. Prohibits injection of
industrial or commercial waste fluids
beneath the lowermost formation
containing, within 1/4 mile of the well, an
underground source of drinking water.

Water Well Construction Act 18.104 RCW

Standards for WAC 173-160 A Establishes minimum standards for design, Applicable if water supply wells, SW-2, SW-3,
Construction and construction, capping, and sealing of all monitoring wells, or other wells are SW-7, SW-8,
Maintenance of Wells wells. Sets additional requirements utilized during remediation. GW-2, GW-3,

including disinfection of equipment, GW-4, GW-5,
abandonmentof wells, and quality of GW-6, SS-2,
drilling water. SS-3, SS-,

SS-8, SS-9
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Table 3C
Potential TBCs
Action-Specific
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Alternatives
Potentially

Description Citation Requirements Remarks Affected

Benton-Franklin-Walla Walls General Regulation Establishes a regional program of air pollution These county regulations are authorized by the
Counties Air Pollution Control 80-7 prevention and control. state Clean Air Act.
Authority

Monitoring and Special Section 400-120 Monitoring of any source may be required. All
Reporting

Residual Radioactive Material as U.S. NRC Sets contamination guidelines for release of equipment All
Surface Contamination Regulatory Guide and building components for unrestricted use, and if

1,86 buildings are demolished, shall not be exceeded for
contamination in the ground.

U.S. Department of Energy Orders

Radiation Protection of the
Public and the Environment

Discharge of Treatment System
Efiluant

Radiation Protection for
Occupational Workers

Safety Requirements for the
Packaging of Fissile and Other
Radioactive Materials

DOE 5400.5

DOE 5400.xy

DOE 5480.11
Section 9a

DOE 5480.3
Sections 7 and 8

Establishes standards and requirements for operations
of DOE and DOE contractors respecting protection of
the public and the environment against undue risk of
radiation.

Treatment systems shall be designed to allow
operators to detect and quantify unplanned releases of
radionuclides, consistent with the potential for off-
property impact.

Establishes radiation protection standards and program
requirements to protect workers from ionizing
radiation.

Establishes requirements for packaging and
transportation of radioactive materials for DOE
facilities

Required of all DOE-controlled facilities where
radionuclides might be released as a consequence
of an unplanned event.

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Potential TBCs
Action-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
Potentially

Description Citation Requirements Remarks Affected

Radioactive Waste Management DOE 5820.2A Establishes policies and guidelines by which DOE All
Chapters ill and IV manages radioactive waste, waste by-products, and

radioactive contaminated amplus facilities. Disposal
"hl be on the site at which it was generated, if

practical, or at another DOE facility. DOE waste
containing byproduct material shall be stored,
stabilized in place, and/or disposed of consistent with
the requirements of the residual radioactive material
guidelines contained in 40 CPR 192.

Department of Ecology Uquid DE 91NM-177 Requires discharges of liquid effluent to the soil SW-9
Effluent Consent Order column to be eliminated, treated, or otherwise SW-10

minimized. GW-3
GW-5
GW-6
SS-10
SS-11

0
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Table 4A
Potential Federal ARARs

Location-Specific

Description Citation Al Requirements Remarks Alternatives
R&A* Potentially

Affected

Archaeological and Historical 16 U.S.C. 469 A Requires action to recover and preserve Applicable when remedial action threatens SW-2, SW-3,
Preservation Act of 1974 artifacts in areas where activity may cause significant scientific, prehistorical, historical, SW-4, SW-5,

irreparable harm, loss, or destruction of or archeological data. SW-6, SW-7,
significant artifacts. SW-8, SW-9,

SW-j0, GW-2,
GW-3, GW-4,
GW-5, GW-6,
SS-2, SS-3,
SS-4, SS-5,
SS-6, SS-7,
SS-8, SS-9,
SS-10, SS-1I

Endangered Species Act of 1973 16 U.S.C. 1531 at Prohibits federal agencies from
seq. jeopardizing threatened or endangered

species or adversely modifying habitats
essential to their survival.

Fish and Wildlife Services 50 CFR Parts 17, A Requires identification of activities that Requires consultation with the Fish and All
List of Endangered and 222, 225, 226, 227, may affect listed species. Actions must Wildlife Service to determine if threatened or
Threatened Wildlife and Plants 402, 424 not threaten the continued existence of a endangered species could be impacted by

listed species or destroy critical habitat. activity.

Historic Sites, Buildings, and 16 U.S.C. 461 A Establishes requirements for preservation SW-2, SW-3,
Antiquities Act of historic sites, buildings, or objects of SW-4, SW-5,

national significance. Undesirable SW-6, SW-7,
impacts to such resources must be SW-8, SW-9,
mitigated. SW-10, GW-2,

GW-3, GW4,
GW-5, OW-4,
SS-2, SS-3,
SS4, SS-5,
SS-6, SS-7,
SS-8, SS-9,
SS-10, SS-l1

*NOTE: A = Applicable, R&A = Relevant and Appropriate



Table 4A (Continued)
Potential Federal ARARs

Location-Specific

Description Citation A/ Requirements Remarks Alternatives
R&A* Potentially

Affected

National Historic Preservation Act 16 U.S.C. 470 et A Prohibits impacts on cultural resources. Applicable to properties listed in the National SW-2, SW-3,
of 1966, as aMended. seq. Where impacts are unavoidable, requires Register of Historic Places, or eligible for SW-4, SW-5,

impact mitigation through design and data such listing. SW-6, SW-7,
recovery. SW-8, SW-9,

SW-10, GW-2,
GW-3, GW-4,
GW-5, GW-6,
SS-2, SS-3,
SS-4, SS-5,
SS-6, SS-7,
SS-B, SS-9,
SS-10, SS-1I

Solid Waste Disposal Act, as 42 U.S.C. 6901 et Establishes the basic framework for
amended by the Resource seq. federal regulation of solid and hazardous

00 Couservation and Recovery Act waste.
(RCRA)

Criteria for Classification of 40 CFR 257 Sets criteria for determining which solid
Solid Waste Disposal waste disposal facilities and practices pose
Facilities and Practices a reasonable probability of adverse effects

on health or the environment.

Floodplains 40 CFR §257.3-1 A Prohibits facilities or practices in SW-3, SW-4,
floodplains from restricting the flow of SW-5, SW-6,
the base flood, reducing the temporary SW-7, SW-B,
water storage capacity of the floodplain, SW-9, SW-10,
or causing washout of solid waste, so as GW-5, GW-6,
to pose a hazard to human life, wildlife, SS-3, SS-4,
or land or water resources. SS-5, SS-6,

SS-10, SS-1I

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Potential Federal ARARs

Location-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Description Citation A/ Requirements Remarks Alternatives
R&A* Potentially

Affected

Endangered Species 40 CFR §257.3-2 A Prohibits facilities or practices from All
causing or contributing to the taking of
any endangered or threatened species of
plants, fish, or wildlife. Prohibits
destruction or adverse modification of
habitat of endangered or threatened
species.

Hazardous Waste Treatment, 40 CFR Part 264 Establishes standards for management of Applicable to owners and operators of all
Storage, and Disposal hazardous waste. hazardous waste facilities.

Location Standards 40 CFR §264.18 A Prohibits new TSD facilities from being SW-4, SW-5,
located within 61 meters (200 feet) of a SW-6, SW-9,
fault displaced during the Holocene. SW-10, GW-5,
Requires a facility located in a 100-year GW-6, SS-4,
floodplain to be designed, constructed, SS-5, SS-6,
operated, and maintained to prevent SS-10, SS-11
washout or release of any hazardous waste
by a 100-year flood.
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Table 4B
Potential State ARARs

Location-Specific

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Alternatives
A/ Potentially

Description Citation R&A* Requirements Remarks Affected

Habitat Buffer Zone for Bald RCW 77.12.655
Eagle Rules

Bald Eagle Protection Rules WAC 232-12-292 A Prescribes action to protect bald eagle Applicable if the areas of remedial activities All
habitat, such as nesting or roost sites, includes bald eagle habitat.
through the development of a site
management plan.

Regulating the Taking or RCW 77.12.040
Possessing of Game

Endangered, Threatened, or WAC 232-12-297 A Prescribes action to protect wildlife Applicable if wildlife classified as endangered, All
Sensitive Wildlife Species classified as endangered, threatened, or threatened, or sensitive are present in areas
Classification sensitive, through development of a site impacted by remedial activities.

management plan.
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Potential TBCs
Location-Specific
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*NOTE: A = Applicable, R&A = Relevant and Appropriate

0

Alternatives
Potentially

Description Citation Requirements Remarks Affected

Floodplains/Wetlands 10 CFR Part 1022 Requires federal agencies to avoid, to the extent Pertinent if remedial activities take place in a All
Environmental Review possible, adverse effects associated with the floodplain or wetlands.

development of a floodplain or the destruction or
loss of wetlands.

Protection and Enhancement Executive Order Provides direction to federal agencies to preserve, Pertains to sites, structures, and objects of All
of the Cultural Environment 11593 restore, and maintain cultural resources. historical, archeological, or architectural

significance.
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APPENDIX C

DESCRIPTIONS OF SOLID WASTE, GROUNDWATER, AND SOILS/
RIVERBANK SEDIMENTS REMEDIATION TECHNOLOGIES

The information in this Appendix includes descriptions of technologies which are
potentially applicable for remediation of the Hanford 100 Area solid waste, groundwater, and
soils/riverbank sediments. In accordance with CERCLA FS guidance, a broad range of
technologies representing relatively simple responses, such as institutional actions, to more
complex remediation approaches involving treatment is discussed.

The technology descriptions contain five general sections:

" Applicability (potential): The media or type of contamination which may be
remediated by the specific technology.

" General Description: A brief discussion of technical characteristics.

" Implementability: Discussion and qualitative rating pertaining to both technical
and institutional implementability of the technology.

* Effectiveness: A brief overview of the type of waste for which the technology is
intended and a qualitative rating of its effectiveness in providing a remediation for
this type of waste.

* Cost: Cost of the technology on a low, moderate, high, or very high scale. Cost
is relative to other process option costs within the same technology group.

Tables 1, 2, and 3 present the technologies and process options which were analyzed
in this feasibility study.

The order of presentation for technology descriptions in this Appendix coincides
with the screening discussions in Chapter 4.0. The technologies are organized initially by
applicable media and subsequently by general response action. The grouping of technologies
is best illustrated by referring to Figures 4-1 through 4-6 which illustrate technology
screening graphically.
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Technology Process Option

Access Restrictions Fencing
Deed Restrictions

Monitoring Leachate Monitoring

Capping Asphalt Based Covers
Concrete-Based Covers
Soil/Clay Covers
RCRA Multi-media Caps
Hanford Barriers
Synthetic Covers
Vitrification

Horizontal Barriers Grout Injection
Cryogenic Walls
Vitrification

Vertical Barriers Slurry Walls
Grout Curtains
Sheet Pilings
Cryogenic Walls
Biological Barriers

Run-On/Run-Off Control Diversion/Collection
Grading
Revegetation

Removal Demolition
Excavation

On-Site Disposal Trenches/Pits
Vaults
Tumulus
RCRA Landfills

Off-Site Disposal RCRA Landfills
DOE Disposal Facilities
Geologic Repositories

In Situ Stabilization/Solidification Grout Injection
Vibration-Aided Grout Injection
Vitrification
Dynamic Compaction
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C-4

TABLE C-1

SOUID WASTE TECHNOLOGIES AND PROCESS OPTIONS

Technology Process Option

Thermal Treatment Thermal Desorption
Incineration
Pyrolysis
Metal Melting
Molten Solids Processing

Stabilization/Solidification Bitumen-Based
Cement-Based
Polymer-Based
Vitrification

Physical Treatment Size Reduction
Segregation/Sorting
Repackaging
Metal Decontamination

Chemical Treatment Chemical Oxidation
Acid Digestion
Hydrolysis
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TABLE C-2

GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Technology Process Option

Access Restrictions Water Rights Restrictions
Deed Restrictions

Monitoring Well-Point Monitoring
Groundwater Monitoring

Alternate Water Supply Columbia River
Extension of Nearby Sources

Horizontal Barriers Same as Solid Waste

Vertical Barriers Same as Solid Waste

Hydraulic Control Extraction Wells
Extraction Drains/Trenches

Groundwater Extraction Extraction Wells
Extraction Drains/Trenches
Aquifer Mining

Wastewater Disposal Deep-Well Injection
Above-/Below-Ground Tanks
Evaporation Ponds

In Situ Biological Treatment Enhanced Gioundwater Bioremediation
Biodenitrification

In Situ Physical Treatment Air Stripping
Permeable Treatment Beds
Vapor Extraction
Electrokinetic Separation

Biological Treatment Bioreactors
Biodenitrification
Biosorption
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TABLE C-2

GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Technology Process Option

Physical Treatment Ion Exchange
Evaporation: Passive
Media Filtration
Flocculation
Carbon Adsorption
Air Stripping
Reverse Osmosis
Ultrafiltration
Electrodialysis
Dissolved Air Flotation
Sedimentation
Steam Stripping
Evaporation: Forced
Freeze Crystallization
Supported Liquid Membrane

Chemical Treatment (Groundwater) Chemical Oxidation
Precipitation
Tritium Treatment
Wet-Air Oxidation
Chemical Reduction

Surface Disposal Surface Discharge
Columbia River
Above-/Below-Ground Tanks

Subsurface Discharge Deep-Well Injection
Reinjection into Aquifer
Crib Disposal
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TABLE C-3
SOILS AND RIVERBANK SEDIMENTS

TECHNOLOGIES AND PROCESS OPTIONS

Technology Process Option

Access Restrictions Same as Solid Waste

Monitoring Same as Solid Waste

Capping Same as Solid Waste

Horizontal Barriers Same as Solid Waste

Vertical Barriers Same as Solid Waste

Run-On/Run-Off Control Same as Solid Waste

Removal Excavation

On-Site Disposal Same as Solid Waste

Off-Site Disposal Same as Solid Waste

In Situ Stabilization/Solidification Grout Injection
Vibration-Aided Grout Injection
Shallow Soil Mixing
Fixants
Vitrification
Ground Freezing
Dynamic Compaction

In Situ Biological Treatment Enhanced Soil Bioremediation
Biodenitrification
Land Farming

In Situ Chemical Treatment Soil Flushing

In Situ Physical Treatment Vapor Extraction
Steam Stripping
Soil Flushing
RF Heating
Electrical Soil Heating

Thermal Treatment Thermal Desorption
Incineration
Pyrolysis
Molten Solid Processing

Stabilization/Solidification Same as Solid Waste

C-7



DOE\RL-92-11
Draft A

TABLE C-3
SOILS AND RIVERBANK SEDIMENTS

TECHNOLOGIES AND PROCESS OPTIONS

Technology Process Option

Physical Treatment Vapor Extraction
Soil Washing
Steam Stripping

Chemical Treatment Chemical Oxidation
Soil Washing
Alkali Metal Dechlorination

Biological Treatment Bioreactors
Land Treatment
Biodenitrification

1.0 SOLID WASTE TECHNOLOGY DESCRIPTIONS

1.1 ACCESS RESTRICTIONS

Two methods of access restriction are discussed below:

" Fencing
* Deed restrictions.

1.1.1 Fencing

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Fencing is the construction of a physical barrier around a

contaminated area with the intention of limiting access to the area (Merritt 1983). Note that

monitoring of the site is also necessary if this option is used.

Implementability. Fencing is commonly used for limiting access to restricted areas

such as private properties (Merritt 1983). Fencing would be easily implementable at the

Hanford 100 Area operable units containing contaminated soil, riverbank sediments, and
solid wastes.

Effectiveness. Fencing has limited effectiveness in preventing access to

contaminated areas. A fence cannot prevent animals or humans from entering restricted

areas, but does provide a barrier that would have to be crossed to gain access to an area.

Cost. The costs for erecting fences and monitoring a site in and around the Hanford

100 Area are low due to the relatively low cost of materials and the ease of installation.
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1.1.2 Deed Restrictions

Applicability. All Media

General Description. Deed restrictions specify acceptable land uses and may take
several forms, such as providing covenants against activities that may bring humans in
contact with contaminants. Deed restrictions may include: provisions that prevent the use of
groundwater (e.g., water right restrictions); requirements for approval of excavations beyond
a specified depth; or limitations on land use by prohibiting activities such as grazing and
farming.

Implementability. Implementation of deed restrictions requires only administrative
resources and visual monitoring to ensure that covenants are being obeyed. Deed restrictions
are therefore considered to be easily implementable.

Effectiveness. Deed restrictions may be effective in preventing short-term human
contact with contaminated areas; however, the long-term effectiveness of deed restrictions is
uncertain. In general, deed restrictions are considered to have limited effectiveness.

Cost. Deed restrictions involve only administrative resources in combination with
visual monitoring and are considered to be low-cost methods for preventing human contact
with contaminated regions of the Hanford 100 Area.

1.2 MONITORING

1.2.1 Leachate Monitoring

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. A leachate collection and removal system is required by the
Resource Conservation and Recovery Act (RCRA) for all hazardous waste landfills. The
collection and removal system could also be used to collect samples of leachate for
monitoring purposes. Use of this approach avoids the use of more intrusive methods of
monitoring contaminant migration from soil or solid waste disposal sites. The system
consists of perforated pipe networks backfilled with gravel. The pipe network is sloped
toward collection points located away from the contaminated media of concern. Other
leachate detection systems besides the RCRA system may be used on a limited basis to
indicate migration of contamination from solid waste burial sites.

Implementability. Leachate monitoring is a well developed technology and is
considered to be easily implementable for new waste burial sites. However, a monitoring
system for existing sites may be difficult or impossible to install without excavating through
contaminated materials. In addition, evapotranspiration prevents formation of any significant
quantity of leachate, thereby eliminating the need for leachate monitoring. Leachate
monitoring is considered difficult to implement at existing contaminated areas such as solid
waste burial sites.
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Effectiveness. Leachate monitoring is considered to be an effective method for
determining if contaminants are being mobilized in a leachate form if the system can be
installed directly beneath a contaminated site. However, due to the difficulty of installing
leachate monitoring systems beneath existing contaminated sites, the technology is ineffective
for such cases.

Cost. The cost of installing leachate monitoring systems beneath existing
contaminated sites within the 100 Area is judged to be high. Excavation through
contaminated areas would require significant safety measures to protect workers and
containment and packaging of any contaminated materials that are removed would be
necessary. These requirements would increase both the cost and the time required for
installing the system.

1.3 CAPPING

Capping involves the installation of a barrier over the surface of the contaminated
area to control erosion and prevent contact between infiltrating precipitation and
contaminated wastes. Capping is an applicable technology for the non-removal general
response actions and has been used in combination with other technologies. The following
capping techniques are discussed below:

* Asphalt-based covers
* Concrete-based covers
e Soil/clay-based covers
* RCRA multi-media caps
* Hanford barriers
* Synthetic covers
e Vitrification.

1.3.1 Asphalt-Based Covers

Applicability. All Media.

General Description. Asphalt caps are single-layered caps composed of bituminous
asphalt. The thickness of the cap is dependent on design parameters that consider settling
and weathering effects. The cap must be sloped for runoff in order to minimize infiltration
into the contaminated zone. Surface treatments are often required during the long-term
maintenance of asphalt-based caps in order to provide a lasting seal.

Implementability. The technology required for asphalt cap construction is
commercially available (Merritt 1983). No specialized equipment is required and bituminous
asphalt is a common construction material. However, in comparison to certain other capping
techniques that employ naturally occurring materials, asphalt-based caps are considered to be
moderately implementable. Asphalt-based caps are only implementable for localized areas
and are not considered practical on a sitewide basis.

C-10



DOE\RL-92-11
Draft A

Effectiveness. Asphalt caps are considered an effective means of providing short-

term, single-layer containment for vertical migration in contaminated areas. Asphalt-based
caps are not effective in reducing lateral migration of contaminants in groundwater without
the use of vertical barriers. Periodic maintenance of an asphalt cap is required to reduce the

effects of weathering and cracking. The plastic properties of asphalt may be engineered to

provide protection from subsidence. Overall, asphalt caps are considered to have limited
effectiveness due to inadequate long-term performance.

Cost. The costs associated with the construction of an asphalt cap are high relative
to other capping techniques. Although materials and equipment are inexpensive, periodic
maintenance that would be essential throughout the life of the cap increases the total cost.

1.3.2 Concrete-Based Covers

Applicability. All Media.

General Description. Concrete caps are single-layered caps consisting of aggregate
and cementitious material mixtures. Similar to asphalt covers, concrete caps must also be

designed with adequate strength to resist collapse should subsidence occur, and must be
sloped to promote drainage of infiltrating precipitation and surface water. These caps also
require periodic maintenance to extend the life of the cover.

Implementability. The materials required to construct a concrete cap are locally
available. Construction equipment may be used for concrete mixing and placement.
Concrete caps are considered moderately implementable in comparison to other capping
techniques due to the requirement of cementitious materials and installation equipment.

Effectiveness. Concrete caps are effective in maintaining a short-term barrier
against precipitation and surface water intrusion into a contaminated area. However, they
are susceptible to cracking, subsidence, and weathering over the long term. Thus, concrete
caps are considered to have limited effectiveness.

Cost. The cost of implementing concrete caps at the Hanford 100 Area is judged to
be high relative to other capping techniques. Although materials and equipment are
relatively inexpensive, periodic maintenance will increase life cycle costs.

1.3.3 Soil/Clay Covers

Applicability. All Media.

General Description. Clay and soil caps are constructed by spreading soil/clay
admixes over the contaminated area then compacting the soil/clay layer to achieve a specified
permeability. The specified permeability of the compacted soil/clay layer is lower than that

of the underlying soils. To achieve the design permeability, the soil/clay admixture may be
modified with bentonite, lime, cement, or other material. The amount of the added material
is determined through analysis of soil characteristics, compaction studies, and permeability
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tests. Soil/clay covers are usually not acceptable as a surface barrier due to uncertainties
associated with long-term performance and the need for routine maintenance throughout the
life of the cap.

linplementability. Soil/clay covers are considered to be easily implementable.
General construction equipment may be used to place and compact the soil/clay mixture.
Commercially available clay materials such as bentonite and soils from the site can be used
to build the cap.

Effectiveness. Soil/clay covers may be used as interim measures for short-term
protection and would be effective in temporarily inhibiting the inflow of surface water to a

contaminated area. Soil/clay covers are not effective in reducing lateral groundwater flow

and contaminant mobility unless a vertical barrier is used in conjunction with the cover. The
long-term effectiveness of a soil/clay cover is limited because of its susceptibility to
weathering and breaching by burrowing animals and vegetation. Clay-based covers are
considered unsuitable for use as an impermeable barrier in the arid environment of the
Hanford Site due to drying and subsequent cracking (Anderson et al., 1991). Therefore, the
overall effectiveness of soil/clay caps is limited.

Cost. Costs associated with the construction of a soil/clay cap are low relative to

other caps. Clay material and construction equipment are both readily available and

inexpensive. As is the case with other caps, periodic maintenance increases life cycle costs.

1.3.4 RCRA Multi-Media Caps

Applicability. All Media.

General Description. A RCRA multi-media cover refers to a three-layer cap
system recommended by EPA guidance under RCRA. The RCRA multi-media cap is often
referred to as a "RCRA cap." The cap consists of an upper vegetation layer, a drainage
layer, and a low permeability layer. Infiltrating liquids are diverted away from the
underlying waste materials through the drainage layer. The vegetation layer is usually a
grass layer which binds the drainage layer and provides a "self-healing" effect to minimize
the impact of cracking and weathering. Sand is a common ingredient for the drainage layer
followed by fine grain soil and clay admixes for the low permeability layer. Synthetic
materials are also used for the low permeability layer and are recommended for use in
combination with a natural admix of low permeability material.

Implementability. RCRA multi-media cap construction is a well developed
technology and commonly used to cover nonradioactive hazardous waste disposal sites.
RCRA multi-media caps consist primarily of natural materials that may be present on site.
Application of a RCRA multi-media cap is readily implementable. However, if synthetic
materials are used in the low permeability layer, specialized installation methods are
necessary (see synthetic covers).
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Effectiveness. The combined effects of low permeability, drainage, and a
vegetation layer provide a highly impenetrable barrier that is weather resistant and
impervious to freeze/thaw and shrink/swell cycles. The drainage layer is effective in
removing standing water from the surface of the cap, thereby preventing infiltration. A
RCRA multi-media cap is considered effective for reducing surface water infiltration through
contaminated zones. However, RCRA multi-media caps are not effective for preventing
lateral migration of contaminated groundwater. The long-term performance of RCRA multi-
media caps is uncertain. Thus, RCRA multi-media caps are considered moderately effective.

Cost. In comparison with other capping technologies, RCRA multi-media cap costs
are expected to be low due to the predominant use of natural materials that are available on
site. Installation costs may be higher than concrete or asphalt due to construction techniques.
However, should a synthetic layer be used, costs will increase.

1.3.5 Hanford Barrier

Applicability. All Media.

General Description. The Hanford Barrier is an innovative concept currently being
developed for use at the Hanford Site. The barrier is constructed of natural materials and
consists of a soil layer overlying other layers of relatively coarse material such as sand,
gravel, and riprap. The soil layer stores moisture until evaporation and transpiration recycle
it back to the atmosphere. Soil also provides a place to grow plants that are necessary for
preventing erosion. The coarse materials placed below the soil layer create a capillary
break. This break inhibits downward percolation of water through the barrier. The coarse
materials also act as deterrents to burrowing animals, deep-rooting plants, and potential
human intruders. Low-permeability layers, placed in the barrier profile below the capillary
break, are also being considered for use. Low permeability layers provide two benefits: any
percolating moisture that passes through the capillary break is diverted away from the waste
and the upward migration of gases from the waste is also minimized. Solution grouts are
being evaluated for use as a construction aid and to provide additional structural stability to
the barrier. The goals of the barrier design are to:

" Function in an arid to semiarid climate

" Limit the infiltration and percolation of water through the waste zone to near-zero
rates; the performance objective is 1.6 x 10 cm/sec, which is about two orders
of magnitude lower than the RCRA cap infiltration objective of 1.0 x 10- cm/sec.

* Eliminate the necessity for maintenance (assuming loss of institutional control 100
years after disposal of the wastes)

" Provide waste isolation for a minimum of 1,000 years with a potential life of up
to 10,000 years.
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Implementability. The technology and materials required for barrier construction
are readily available on site. Therefore, no specialized equipment or materials are required.
The Hanford Barrier is considered to be moderately implementable relative to other caps due
to method of construction and the need to establish a vegetative layer. The Hanford Barrier
would be an unconventional method of closure for a land disposal unit receiving RCRA-
regulated wastes and regulatory approval must be obtained. A RCRA cap must be of equal
or less permeability than a bottom liner system (by regulation); therefore, the acceptability of
the Hanford Barrier as a RCRA landfill cap will depend upon the acceptability of an unlined
land disposal unit (see Technology Description of Trenches/Pits).

Effectiveness. While it has been based on sound design principles, this technology
has not been field tested. This barrier is specifically designed for application at Hanford.
The use of natural materials in construction of a Hanford Barrier eliminates the need for
maintenance and therefore offers a high degree of effectiveness against infiltrating moisture
and surface waters over the long term. However, as with all other caps, the Hanford Barrier
is not effective for preventing lateral migration of contaminated groundwater.

Cost. The cost of implementing Hanford Barriers at the 100 Area is expected to be
moderate in comparison to other capping technologies. The equipment and natural materials
required for construction are readily available and maintenance is not required.

1.3.6 Synthetic Covers

Applicability. All Media.

General Description. Flexible synthetic membranes (e.g., polyvinyl chloride, high
density polyethylene, and neoprene) have been used as landfill liners and may be used as
caps (Daniel and Estornell 1991). The synthetic barrier cover consists of a synthetic '
membrane liner covering a sloped soil base. The synthetic liner is installed in the field by
splicing thin sheets together with the help of adhesives or heat.

Implementability. Sheets of synthetic membranes are commercially available and
are manufactured in a range of thicknesses and widths. They can be reinforced, have UV
protection, and have smooth or roughened surfaces. The method of joining the sheets (and
the verification sampling requirements) are specific to the manufacturer and the type of liner
material employed. Specialized installation methods are required for cap construction. This
technology is considered to be easily implementable.

Effectiveness. Synthetic membrane barriers are effective in preventing surface
water intrusion into contaminated areas for short-term applications (30 year design life)
assuming proper installation. Synthetic membrane caps are not effective for preventing
lateral migration of contaminated groundwater. Maintenance is difficult and deterioration is
likely to require the replacement of the membrane. The chemical and weather resistance
properties of synthetic materials must be evaluated to determine long-term effectiveness
(Daniel and Estornell 1991). The thickness and flexibility of a synthetic liner are critical to
barrier performance.
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Cost. Synthetic liners are generally more expensive than other capping materials
and thus material costs are considered to be high. Installation is labor intensive but large
areas may be covered quickly using special field installation methods and sealing materials.
Overall costs are moderate relative to other capping technologies due to speed of installation.

1.3.7 Vitrification

Applicability. All Media.

General Description. Refer to the in situ stabilization/solidification technology
descriptions for solid waste for a discussion of this technology. Vitrification for capping
involves the same process as in situ vitrification but not to the depth required for
incorporating contaminants into the melt. The vitrification technique proposed here is simply
used as a cap and is not intended for waste treatment as is the traditional use of this
technology.

Implementability. Cap construction by in situ vitrification is an innovative concept.
Installation of a vitrified cap over contaminated areas is considered not implementable
because formation of a continuous and homogeneous cap of uniform thickness is not
practical.

Effectiveness. Vitrification of soils would form a virtually impenetrable barrier to
vertical migration of either precipitation or surface water. Lateral migration of contaminated
groundwater would not be prevented. Difficulties in creating a continuous and homogeneous
cap of uniform thickness suggest that this technique would have limited effectiveness for
application to solid waste, soils, and riverbank sediments.

Cost. The costs associated with the installation of a vitrified cap are expected to be
comparable to in situ waste vitrification costs. In comparison with other capping
technologies, vitrification costs would likely be extremely high.

1.4 HORIZONTAL BARRIERS

The following types of horizontal barriers are discussed below:

" Grout injection
" Cryogenic walls
" Vitrification.

1.4.1 Grout Injection

Applicability. AlU Media

General Description. Grout injection provides a barrier to vertical migration of
contaminants by forming an impermeable "floor" of cement-based material beneath a
contaminated zone.
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Grout injection uses a jet nozzle to force grout into soils. Boreholes are drilled at
regular intervals through the waste site or around its perimeter to a specified depth beneath
the contaminated zone. Horizontal drilling techniques may be used to form the boreholes
required for grout injection without disturbing the contaminated site. Grout is injected
through the jet nozzle to form a lateral circular pattern. The nozzle is rotated to insure that
the grout is spread evenly in all directions and the process is repeated at each drilling
location until a uniform "floor" layer is installed.

Block displacement, which is a variation of grout injection, is intended to displace
waste and make it easy to retrieve. A slurry trench is constructed around the contaminated
zone to serve as horizontal containment. Grout injection wells are bored through the
contaminated zone. The injected grout displaces a block of contaminated soil. (Note: The
displacement of blocks in the 100 Area is impossible due to the porosity of soil. Therefore,
this variation has not been evaluated further.)

Implementability. The formation of horizontal barriers by grout injection is an
innovative technology which, although tested, has not been implemented on a large scale.
This technology relies on forced grout injection to form a uniform, continuous layer beneath
a contaminated zone. Formation of this continuous layer is dependent on the porosity of the
soil at the site. The coarseness of Hanford 100 Area soils makes control of the grout flow
path difficult. In addition, the potential for drilling through radioactive waste in order to
install the barrier must be considered. This practice may not be consistent with As Low As
Reasonably Achievable (ALARA) principles.

Effectiveness. The effectiveness of this barrier is dependent on the formation of a
uniform, continuous grout layer beneath the contaminated zone. The long-term effectiveness
of grout injection has not been determined. Tests in Hanford 100 Area soils would be
required in order to determine the effectiveness of grout injection. The difficulties involved
with controlling flow direction and the formation of a uniform barrier in highly permeable
soils suggests that this technology will have limited effectiveness for application to solid
waste, soils, and sediment. Grout injection is not considered effective as a horizontal barrier
for groundwater at the Hanford 100 Area due to the existence of natural clay barriers (i.e.,
Blue Clay of the upper Ringold Formation).

Cost. Quantitative cost information is not readily available for implementation of
grout injection. However, in comparison to other horizontal barrier technologies, the cost is
expected to be moderate if the process is implementable.

1.4.2 Cryogenic Walls

Applicability. All Media

General Description. A horizontal cryogenic wall may be constructed by freezing
interstitial water within the soil beneath the contaminated zone, forming a barrier to
contaminant migration. Frozen soil is substantially less permeable than unfrozen soil and
possesses more shear strength. The ground is frozen by installing steel pipes uniformly
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along a horizontal freeze line. A smaller diameter pipe placed within the steel pipe is used
for coolant circulation. The outer pipe serves as a return line in this closed-loop system.
The installation of a cryogenic horizontal barrier is similar to the vertical barrier with the
exception that pipes are installed at an angle from the perimeter of the area to be contained.
The pipes are angled to intersect beneath the waste site forming a continuous barrier to
vertical migration.

Implementability. The formation of cryogenic barriers is an innovative technology.
Cryogenic walls are not considered implementable for soils, riverbank sediments and solid
waste sites for two reasons. One, the vadose zone soils of Hanford do not have sufficient
interstitial moisture to form a cryogenic wall, and two, any addition of moisture is
considered infeasible due to the potential for contaminant mobilization. Implementability of
cryogenic walls beneath contaminated groundwater is judged to be difficult.

Effectiveness. The effectiveness of a cryogenic barrier is dependent on the ability
to maintain a continuous frozen barrier around a contaminated zone. The process is
considered ineffective for the same reasons that limit implementability. Furthermore,
maintaining the cryogenic barrier requires continuous circulation of coolant. This continuous
operating requirement for cryogenic walls makes the process ineffective for long-term
containment. A horizontal cryogenic wall is not considered effective as a horizontal barrier
for groundwater due to the existence of natural clay barriers.

Cost. The time required for the soil to freeze strongly influences the cost of
constructing a cryogenic barrier. The energy costs for initial freezing is high, but
maintenance of the frozen layer is less energy intensive. Circulation of coolant to maintain
frozen conditions requires continuous energy consumption. Costs to construct and maintain a
cryogenic barrier are very high relative to other horizontal barriers.

1.4.3 Vitrification

Applicability. All Media

General Description. Refer to the in situ stabilization/solidification technology
descriptions for solid waste for a discussion of this technology. The application for
horizontal barriers involves the same process of vitrification, except that the melt zone is
beneath the contaminant source. The vitrification technique proposed here is simply used as
a barrier and is not intended for waste immobilization.

Implementability. The formation of a horizontal barrier by in situ vitrification is
an innovative concept. Installing a horizontal barrier beneath contaminated groundwater,
soils, sediments, or solid waste sites using in situ vitrification requires electrode placement at
depths dependent on the particular site. The maximum demonstrated melt depth of in situ
vitrification is 19 feet (RAAS 1991). The depth of horizontal barriers required beneath some
contaminated zones at the Hanford 100 Area would be in excess of 30 feet. In situ
vitrification technology would require substantial modification to melt the zone below this
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level. Thus, application of in situ vitrification as a horizontal barrier below contaminated
zones is not considered implementable in the Hanford 100 Area at this time.

Effectiveness. Vitrification of soils would form a virtually impenetrable barrier
against vertical migration of contaminants. However, the ability to form a continuous
vitrified layer with current processes is uncertain. Failure to form a continuous layer would
render the barrier ineffective.

Cost. The costs associated with the installation of a vitrified horizontal barrier are
comparable to the in situ waste treatment technique. In comparison to other horizontal
barrier technologies, vitrification costs would be extremely high.

1.5 VERTICAL BARRIERS

The following types of vertical barriers are discussed below:

" Slurry walls
" Grout curtains
* Sheet pilings
* Cryogenic walls
* Biological barriers.

1.5.1 Slurry Walls

Applicability. All Media

General Description. Slurry walls are the most common form of vertical
subsurface barrier. Slurry walls are formed by excavation of a vertical trench using the
slurry as a drilling fluid and to shore the trench to prevent collapse. The slurry reduces fluid
losses into the surrounding soils through formation of a filter cake on the trench walls.
Materials which have been used to construct slurry walls include soil-bentonite and cement-
bentonite mixes.

Implementability. Slurry wall construction is a developed technology. The
controlling factors for construction of a slurry wall include soil characteristics, such as grain
size, uniformity, mineralogy, porosity, and permeability, and depth to the bottom confining
layer. The sediments under the Hanford 100 Area are very coarse-grained and highly
permeable. Installation of a slurry wall in this material would be very difficult due to the
presence of large boulders (up to a few feet in diameter) in the formation. The physical
removal of material of this nature would produce a wall with a highly variable cross sectional
thickness. The depth of the slurry wall will affect the implementability of this technology.
Typically, slurry walls are constructed from 100 to 140 feet deep in sandy or silty soils. At
certain locations in the 100 Area, excavation depths of up to about 160 feet, in highly
variable grain size material, would be required. The implementability of a standard slurry
wall is highly suspect at these depths and under these conditions. Also, the coarse-grained
nature of the Hanford Formation would result in significant losses of slurry from the
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excavation, thereby threatening wall stability during construction and requiring large slurry
volumes with resultant increases in costs.

Effectiveness. Factors affecting performance of slurry walls include soil
characteristics, contaminant compatibility, wall uniformity, and wall strength. The slurry
wall should be of uniform thickness in order to provide a more effective barrier.
Construction of a relatively uniformly thick wall in the riverbank sediments of the Hanford

Formation is suspect, primarily due to the wide range of grain sizes in the formation
material. To provide a core area of uniformity, the width of the slurry wall would have to

be increased to accommodate variations in the wall excavation width. Soil-bentonite slurry
walls are generally considered more effective in reducing contaminant migration than cement-
bentonite slurry walls because of their wider range of chemical compatibility and lower
permeability. The soil-bentonite slurry wall has high compressibility (low strength) and
elasticity which would be a disadvantage if applied at the Hanford 100 Area. The cement-
bentonite slurry would be more effective under these conditions. For these reasons, slurry
walls are judged to be moderately effective in reducing groundwater flow in unconsolidated
materials.

Cost. The cost of installing a slurry wall is dependent on the depth, length, and
composition of the excavation trench. Cement-bentonite slurry wall construction costs are,
on the average, 30 percent higher than those for soil-bentonite slurry walls. The cost of
installing slurry walls at the Hanford 100 Area is considered to be high relative to other

vertical barriers due to the depth of wall required, i.e., the wall must penetrate to confining
layers such as the Blue Clay layer of the Ringold Formation.

1.5.2 Grout Curtains

Applicability. All Media

General Description. Grout curtains are vertical barriers used to reduce or contain
groundwater flow. Grout curtains are formed by pressure injection of grout through pipes,
augers, or beams that are inserted into the ground using a crane and hammer or a drill rig.
The curtain is developed one "post" at a time along the containment boundary. A secondary
line of grout posts are arranged behind the primary curtain to fill any gaps that may have
been left during the first pass.

Implementability. Grout curtains are considered implementable at most sites. Soil
characteristics such as grain size and uniformity will affect implementation of grout curtains.
The presence of very coarse-grained or nonuniform materials in the Hanford Formation
increases uncertainty in the proper positioning of the grout posts during installation and in the
integrity of the grout coverage. Another consideration is the depth required to contain
contaminants; this technology could be used with other barriers to contain contaminants with
more certainty. High permeability soils in the 100 Area would inhibit formation of a grout
curtain by reducing the ability to control continuity of grout placement. Thus, grout curtains

Adhk are considered to be moderately implementable in the 100 Area.
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Effectiveness. Grout curtains are not considered as effective in controlling
migration flow as other forms of subsurface barriers. Gaps may form in the curtain as a
result of grout shrinkage during setting. The permeable nature of the soils will require
significant quantities of grout to form a barrier and may also affect the overall performance
of the grout curtain. The difficulties in forming a continuous curtain in the soils at the
Hanford 100 Area suggest that this method would be ineffective as a vertical barrier.

Cost. The costs associated with the installation of grout curtains are dependent on
the depth and length of the curtain. A significant amount of material would be required to
contain contamination in the 100 Area operable units. Consistent other cement-based barrier
technologies, the cost of grout curtains is considered to be high.

1.5.3 Sheet Pilings

Applicability. All Media

General Description. Sheet pilings are another type of vertical barrier used to limit
lateral flow of groundwater. A sheet piling barrier can be made from an assortment of
materials including wood, precast concrete, or steel. Steel is most commonly used since
wood deteriorates and concrete is bulkier and more costly. The sheet piling forms a
continuous barrier which reduces or eliminates subsurface water flow. The walls are
typically assembled at the surface prior to installation and the piles are then driven a few feet
into the ground over the length of the wall. The process is repeated until the entire wall is
deep enough to contain contamination. Sheets are usually driven into the ground with either
a drop hammer or a vibratory hammer. When the wall is initially installed, the interlocking
posts are quite permeable. However, with the passage of time, fine silt and sand particles
usually fill the void spaces between piles and the wall becomes impermeable.

Implementability. The applicability of sheet piling is limited to areas where soil
type is conducive to use of the technology. Rocky areas will render installation nearly
impossible by causing damage or deflection of the sheets. For this reason, sheet piling is not
considered implementable at the Hanford 100 Area.

Effectiveness. The difficulty noted above for installing sheet pilings in the rocky
soils of the 100 Area would result in unpredictable wall integrity. Therefore, sheet piling is
considered to be ineffective.

Cost. The costs associated with installing sheet piling barriers are considered high
relative to other vertical barriers due to implementation difficulties caused by the rocky soils
of the Hanford 100 Area.

1.5.4 Cryogenic Walls

Refer to the discussion presented previously under Horizontal Barriers.
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1.5.5 Biological Barriers

Applicability. All Media

General Description. Accumulation of a biomass around nutrient injection wells
during in situ bioremediation is a widely recognized phenomenon. In situ bioremediation
systems are designed to maximize microbial growth and thereby reduce the local hydraulic
conductivity. However, extensive biomass accumulation could be made useful by
establishing an impermeable barrier around a contaminated region. Conceptually, this barrier
could be achieved by continuously introducing high concentrations of microbial nutrients into
wells that surround the contaminated area. The integrity of the barrier can be maintained as
long as nutrients are supplied to the bacteria. Bacteria indigenous to the Hanford Site may
be used to form a biological barrier. Bacteria possess a surface layer that serves to aggregate
individual microbes into large masses.

Implementability. Implementation of biological barriers has not been demonstrated.
Maintaining a stable biological barrier is difficult. Injection of nutrients and organisms has
potential to mobilize contaminants. Thus, biological barriers are not considered
implementable.

Effectiveness. The technology is at the conceptual stage of development and only a
few laboratory experiments have been completed. The effectiveness of a biological barrier at
Hanford is unknown due to the experimental nature of the technology.

Cost. The cost of implementing and maintaining biological barriers is also
unknown. However, the process is expected to have low capital costs but high operating
costs for nutrient addition.

1.6 RUN-ON/RUNOFF CONTROL

The following methods of run-on/runoff controls are discussed below:

" Diversion/collection
* Grading
" Revegetation.

1.6.1 Diversion/Collection

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Surface water diversion and collection are an essential part of
surface water management and may include dams, dikes, berms, channels, waterways,
terraces, benches, chutes, downpipes, seepage ditches, basins, levees, or floodwalls.
Diversion/collection systems are commonly used during site work and can be effective in
preventing the contact between surface runoff and contaminated material. These techniques
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can be used as either temporary or permanent measures to control surface water, to prevent
recharge of contaminated zones, and to control erosion.

Implementability. The surface water diversion and collection techniques listed
above are well developed and can be easily implemented.

Effectiveness. Surface water diversion and collection techniques are only
moderately effective in preventing recharge and erosion control and in stabilizing sloped
surfaces. Frequent maintenance is required to maintain effectiveness.

Cost. The construction costs of diversion/collection systems are low, but frequent
maintenance to repair the effects of erosion and removal of settled materials would be
required. The cost of diversion/collection systems is expected to be moderate in comparison
with other run-on/runoff control technologies.

1.6.2 Grading

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Grading modifies site topography to prevent infiltration and
control erosion (Merritt 1983). This technology is often used in combination with surface
sealing and revegetation.

Implementability. Grading is widely used for erosion control, road building and
repair, and construction site leveling (Merritt 1983). Thus, grading can be easily
implemented.

Effectiveness. Graded surfaces aid in reducing potential leachate formation by
minimizing infiltration and promoting erosion-free drainage of surface run-on/runoff.
Depressions and slumped or badly eroded slopes must be removed or repaired for grading to
be effective. Compared to other run-on/runoff techniques, grading is considered to have
limited effectiveness because it does not divert or collect run-on/runoff, but is only intended
to prevent ponding.

Cost. Frequent maintenance is required on graded surfaces. However, due to the
ease of implementation and minimal resource requirements, the cost of grading is low
relative to other techniques.

1.6.3 Revegetation

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. Revegetation provides a cover which reduces erosion and
helps in developing a stable surface environment. Revegetation may be applied for both
short-term stabilization, including intermediate covers at waste disposal sites, and long-term
site reclamation.
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Implementability. Revegetation is commonly used for site reclamation.
Implementation of a revegetation scheme for run-on/runoff control involves the selection of
suitable plant species, site preparation, and planting. Some irrigation may be required to
establish plants. Revegetation with native plants should be easy to implement at the Hanford
100 Area.

Effectiveness. Revegetation can effectively stabilize the surface of a disposal site
and prevent erosion. The selection of suitable native plants including grasses, legumes,
shrubs, and possibly trees is critical to the effectiveness of revegetation. Revegetation is
important to the integrity and performance of diversion/collection systems, sedimentation
basins, capping, and grading. The effectiveness of native vegetation to control erosion and
stabilize surface soils is expected to be moderate.

Cost. The cost of establishing a vegetation cover at the Hanford 100 Area is
considered low. Once established, such a cover is not expected to require maintenance.

1.7 REMOVAL

The following removal techniques are discussed below:

" Excavation
" Demolition.

1.7.1 Excavation

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. Excavation refers to the process of removing contaminated
materials with specially modified construction equipment. Refer to 100 Area Hanford Past
Practice Site Cleanup and Restoration Conceptual Study (WHC 1991e) for a complete
description of a conceptual excavation system.

Implementability. Excavation is a well developed technology commonly used in
the mining and construction industry (Merritt 1983). Excavation equipment is commercially
available with optional equipment for unique applications, for example a telescopic excavator
boom for long-reach (Merritt 1983). Shielding and supplied air would be required for
excavation equipment to protect workers. The need for equipment modifications and
possibly large mobile dust containment structures makes excavation a moderately
implementable technology for the Hanford 100 Area.

Effectiveness. Excavation would be a highly effective method for removal of solid
waste, soils, and riverbank sediments in the Hanford 100 Area. Standard excavation
equipment such as front end loaders are capable of handling a wide range of materials
including rock, gravel, and bulk materials, such as solid waste, at relatively high capacities
(Merritt 1983). Furthermore, excavation equipment modified to provide shielding and
supplied air will protect workers during operations near radioactive or hazardous materials.
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Cost. Excavation equipment and accessories are commercially available. Capital
costs will depend on equipment modifications such as shielding and supplied air required for
worker protection. Maintenance and operating costs are a function of fuel requirements,
operation schedules, and decontamination procedures. Excavation would be a relatively low
cost approach to removal of soils, riverbank sediments, and solid waste.

1.7.2 Demolition

Applicability. Solid Waste (Large Objects)

General Description. Demolition is a removal process involving on-site size
reduction of large, oversized objects that cannot otherwise be packaged for removal or
transported using standard equipment. Demolition equipment applicable to the Hanford 100
Area include excavator mounted hydraulic hammers, grapples, shears, and concrete crackers.
The particular demolition tool required would depend on the specific waste form. For
example, concrete retention basins would require hydraulic hammers and concrete crackers
for size reduction.

Implementability. Demolition tools are standard equipment used in commercial
demolition. These tools are typically boom-mounted attachments for crawler-type
excavators. Excavators would require modification to provide for operator safety in the
presence of radioactive materials. This technology option is considered moderately
implementable due to the need for equipment modification and the need to conduct work
beneath a mobile containment structure.

Effectiveness. Demolition tools are highly effective in commercial applications and
can be equally effective for demolition operations at the Hanford 100 Area.

Cost. Demolition tools are commercially available and are relatively inexpensive.
The most significant cost for this removal technique would be excavators and safety
modifications. Operation and maintenance costs would be moderate. The overall cost for
demolition is expected to be low.

1.8 ON-SITE DISPOSAL

The following on-site disposal methods are discussed below:

" Trenches/pits
" Vaults
" Tumulus
* RCRA landfills.

1.8.1 Trenches/Pits

Applicability. Contaminated soils, riverbank sediments, and solid waste.
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General Description. Pits or trenches are unlined below grade excavations for
waste disposal. This disposal approach, equivalent to past practice waste disposal at
Hanford, is intended to be used in combination with other technologies such as capping and
waste stabilization to avoid contaminant migration.

Implementability. Technically, disposal in trenches or pits would be easily
implementable and has been frequently used in past waste management practices. As applied
to disposal of hazardous or mixed wastes regulated by RCRA, an exemption to the liner
requirements would be needed to implement disposal in trenches or pits provided that wastes
meet the RCRA Land Disposal Restriction treatment requirements [40 CFR Part 268] or an
exemption has been made to allow land disposal.

Effectiveness. Trench or pit disposal of solid wastes can be moderately effective
for isolating contaminants from the accessible environment when used in combination with
other technologies such as the Hanford Barrier or waste treatment.

Cost. The cost of trench/pit disposal of 100 Area wastes is expected to be low.
Construction requires standard earth moving equipment. Trenches and pits require minimal
maintenance and operating resources.

1.8.2 Vaults

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. The greater confinement disposal (GCD) vault is an on-site,
permanent waste disposal facility. The GCD is constructed of reinforced concrete that
provides unlimited disposal duration due to extremely conservative design criteria. These
vaults are designed to accept bulk and/or containerized waste forms that are dry or solidified.
No untreated, wet, or raw waste, or free liquids can be accepted for disposal in such a vault.

The GCD vault is designed as a maximum resistance structure with the ability to
withstand earthquakes, tornados, explosions, and rainwater intrusion.

Implementability. Implementability of the GCD vault concept is dependent on
regulatory acceptance. The permanent disposal of hazardous and radioactive waste requires
compliance with the performance criteria outlined in several regulations including RCRA
(mixed waste) and 10 CFR 61 (NRC 1990). The general objective of these regulations is to
ensure that the facility is designed, operated, maintained, and closed such that the risk of
human exposure is minimized. The performance objectives of 10 CFR 61 are to protect
groundwater, protect against inadvertent intrusion, and include safety provisions for workers
during operation. Therefore, disposal in GCD vaults is considered implementable assuming
approval by regulatory agencies. The discussion concerning land disposal restrictions (see
Implementability of Trenches/Pits) applies to disposal of mixed wastes in vaults also.

Effectiveness. The GCD vault concept isolates waste from groundwater and
prevents human contact. The conservative design criteria provides a high level of isolation
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confidence. On-site disposal in GCD vaults is expected to be highly effective for disposal of
Hanford 100 Area waste.

Cost. Construction costs of GCD vaults would be high relative to other disposal
techniques due to conservative design safety features.

1.8.3 Tumulus

Applicability. Contaminated soils, riverbank sediments, and solid waste.

General Description. A tumulus is an above-grade structure for either permanent
or temporary disposal. On-site tumulus disposal refers to mounding over waste that has been
placed on a stable structural pad. A tumulus may be designed to accept solidified, bulk, or
containerized waste forms for disposal.

The structural pad may consist of multiple layers of concrete, geotextile material,
clay, drainage layers of sand, or coarse gravel. The structural pad is also equipped with a
leachate collection/detection system. A tumulus would be closed with a RCRA multi-media
cap (described previously) and high berms around the perimeter.

Implementability. Similar to the GCD vault, the implementability of the tumulus
disposal concept is dependent on regulatory acceptance under the objectives and criteria
defined in 10 CFR 61 (NRC 1990). Assuming approval by regulatory agencies, disposal
within tumulus facilities is considered to be moderately implementable at the Hanford 100
Area. The discussion concerning land disposal restrictions (see Implementability of
Trenches/Pits) applies to disposal of mixed and hazardous wastes in a tumulus also.

Effectiveness. The tumulus disposal concept offers isolation from groundwater,
human contact, and the surface environment. In addition, the concept provides for shielding
from radiation emissions and allows waste retrieval in the event that improved disposal
techniques become available in the future. On the other hand, the tumulus disposal concept
requires maintenance and monitoring throughout the lifetime of the facility. Long-term
isolation cannot be ensured within tumulus facilities. Therefore, on-site disposal in tumulus
facilities would have limited effectiveness for isolating radioactive wastes.

Cost. Construction costs for tumulus facilities are expected to be low. The
potential for frequent maintenance is high. Overall, the total cost of tumulus disposal is
judged to be low in comparison to other on site disposal techniques.

1.8.4 RCRA Landfills

Applicability. Hazardous or radioactive contaminated soils, riverbank sediments,
and solid waste.

General Description. A RCRA landfill is an EPA permitted disposal facility for
RCRA-regulated hazardous and mixed wastes. The design and operation of such a landfill is
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defined in 40 CFR 264 (EPA 1990a). In general, a RCRA landfill must be designed to
prevent migration of hazardous constituents out of the landfill to adjacent soils, groundwater,
or surface water at any time during the operation and closure period of the facility. Facility
design considerations include a suitable geologic location, liner system, and a leachate
collection and removal system.

Implementability. Landfill disposal of nonradioactive hazardous waste is a well
developed technology and commonly practiced in the commercial hazardous waste disposal
industry. Landfill disposal sites for nonradioactive hazardous waste are located throughout
the U.S. A significant permitting effort may be required for EPA approval of an on-site
RCRA landfill. In addition, waste must meet the RCRA land disposal restriction treatment
requirements (40 CFR Part 268) or an exemption must be received before disposal can
occur. In general, implementation of on-site RCRA landfill disposal is considered
moderately implementable.

Effectiveness. On-site disposal of 100 Area nonradioactive hazardous waste in
RCRA landfills is judged to be moderately effective in preventing migration of hazardous
constituents to the accessible environment. This method of disposal is generally accepted by
the EPA and is commonly used in industry.

Cost. The cost of implementing RCRA landfills for on-site disposal of 100 Area
nonradioactive hazardous waste is considered moderate relative to other on-site disposal
options. Design, construction, operation, and maintenance of an on-site RCRA disposal
facility may be based on existing commercial facilities. Specialized designs, equipment, and
operating requirements are not required. However, postclosure monitoring and leachate
collection will be required and will add to the cost of this disposal option.

1.9 OFF-SITE DISPOSAL

The following off-site disposal methods are discussed below:

* RCRA landfills
" DOE disposal facilities
" Geologic repositories.

1.9.1 RCRA Landfills

Applicability. Nonradioactive contaminated soils, riverbank sediments, and solid
waste.

General Description. Hazardous waste landfills are commercially operated off-site
facilities for disposal of hazardous wastes. At the present time, no RCRA landfills are
available in the State of Washington. One RCRA landfill located in Arlington, Oregon, has
been used for Hanford Site waste disposal.
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Implementability. Hazardous waste landfills are permitted to accept specific
wastes. Land disposal restrictions (EPA 1990b) limit the type and form of wastes that can be
disposed in landfills. Disposal in hazardous waste landfills is applicable to hazardous and
mixed wastes. Off-site disposal of hazardous waste from the 100 Area is easily
implementable at existing hazardous waste landfill facilities.

Effectiveness. Landfills are considered a highly effective method of disposal for
nonradioactive hazardous waste forms because the design, operation, maintenance, and
closure specifications of such facilities are required to comply with EPA regulations.

Cost. Disposal costs at off-site RCRA landfills are low for small volumes of
hazardous waste in comparison to construction, operation, and maintenance of on-site
disposal facilities.

1.9.2 DOE Disposal Facilities

Applicability. Radioactively contaminated soils, riverbank sediments, and solid
waste.

General Description. Low-level waste (LLW) disposal facilities either exist or are
planned at six DOE sites (DOE 1991a). These facilities potentially could also be used for
disposal of Hanford 100 Area LLW. These sites include facilities at: Los Alamos National
Laboratory, Savannah River Site, Idaho National Engineering Laboratory, Oak Ridge
National Laboratory, Nevada Test Site, and the Hanford Site. These six sites would
collectively provide LLW disposal capacity for approximately 68,000 m3/yr, which is far less
than the potential disposal needs of approximately 200,000 m3/yr for solid waste assuming
macroengineering study volume estimates and 20-year disposal phase.

ImIplementability. Off-site disposal for Hanford 100 Area wastes is considered
implementable for limited volumes of waste. These facilities exist and accept LLW from
other DOE generators. However, host state governments and local residents are becoming
increasingly opposed to receiving off-site LLW for disposal (DOE 1991a). This opposition
would make off-site disposal of Hanford 100 Area wastes at other DOE facilities difficult to
implement.

Effectiveness. Off-site disposal of Hanford 100 Area wastes at other DOE sites is
considered to be moderately effective.

Cost. The cost of disposal at DOE facilities is considered to be high relative to
other disposal options. Some disposal facilities exist and others are planned, but
maintenance, monitoring, and closure of disposal facilities would increase costs.

1.9.3 Geologic Repositories

Applicability. Radioactively contaminated soils, riverbank sediments, and solid
waste.
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General Description. Two geologic repositories are currently under development
by DOE. Yucca Mountain, Nevada, is the proposed site for disposal of defense high-level
waste (HLW) and is in the conceptual stage of development. The Waste Isolation Pilot Plant
(WIPP), near Carlsbad, New Mexico, is the proposed disposal site for defense transuranic
(TRU) waste. Portions of the WIPP have been constructed and the project is awaiting
congressional land withdrawal to begin a 5-year test phase prior to initiating operations.

Implementability. Implementability of off-site geologic disposal of 100 Area waste
is dependent on the availability of facilities similar to the WIPP facility. WIPP would likely
be in its operational phase by the time the 100 Area waste is ready for disposal. However,
WIPP's mission only applies to TRU waste generated between 1970 and 2013. Yucca
Mountain is many years away from operation and is not expected to be available in time for
disposal of Hanford 100 Area waste. Therefore, geologic disposal is considered to be non-
implementable.

Effectiveness. The objective of geologic disposal is to isolate waste within a stable
geologic formation. Geologic disposal is judged to be a highly effective method of
containment and isolation of radioactive wastes from groundwater, the surface environment,
and human contact.

Cost. In comparison to other disposal options, the costs for the development and
implementation of a geologic repository are extremely high based on costs associated with
the WIPP and Yucca Mountain Projects.

1.10 IN SITU STABILIZATION/SOLIDIFICATION

The following in situ stabilization/solidification techniques are discussed below.

* Grout Injection
" Vibration-Aided Grout Injection
" Vitrification
" Dynamic Compaction.

1.10.1 Grout Injection

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. Grout injection is an in situ stabilization/solidification
technique involving the injection of a cement grout into a contaminated zone. Hollow-stem
augers are used to inject and blend grout with contaminated materials. The end product of
this process is a monolithic block of contaminated material encapsulated in grout.

Implementability. Grout injection is a developed technology. This technique has
been used for over 18 years in applications such as cutoff walls and soil stabilization (EPA
1989). The augers used for grout injection are usually mounted on crawler-type drill rigs
which make the system easily implementable in virtually any terrain.
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Effectiveness. The technology is applicable to soils and buried wastes contaminated
with heavy metals, semi-volatile organic compounds, and radionuclides. Typically a single
system can mix 90 to 140 cubic yards of soil per 8-hour shift (EPA 1989a). This rate is
achievable to depths up to 100 feet (EPA 1989a). However, the characteristics of the
Hanford Formation would inhibit successful implementation of this technique and may
produce a solidified/stabilized block that is not monolithic. Furthermore, grout coverage
may not be as uniform as necessary to ensure containment. Thus, grout injection is
considered to have limited effectiveness.

Cost. Based on the availability of materials and standard equipment, the cost to
implement this technology would be moderate in comparison with other in situ stabilization/
solidification technologies.

1.10.2 Vibration-Aided Grout Injection

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. This technology is similar to grout injection with added
vibration to enhance the effectiveness of the treatment to fill void space. The vibratory
energy is transmitted through a vertical array of I-beams driven into the contaminated zone.
A vibrating hammer-extractor system transmits vibratory energy to the array of I-beams.
The vibration aids the penetration of grout into the soil or buried waste.

Implementability. Vibration-aided grout injection is an innovative technology.
However, the technology would be moderately implementable due to difficulties involved
with driving I-beams into the rocky soils of the Hanford 100 Area.

Effectiveness. The presence of vibration during grout injection provides increased
control of grout placement and thus increased effectiveness over grout injection without
vibration. This process should increase the ability to stabilize/solidify contaminated zones
into uniform monolithic blocks. Thus, vibration-aided grout injection is considered to be
moderately effective for stabilization/solidification of Hanford 100 Area contaminated sites.

Cost. The costs associated with vibration-aided grout injection are partially
dependent upon the type of grout selected. The cost to implement this technology is
expected to be high in comparison to other in situ stabilization/solidification technologies.
For example, in comparison to grout injection alone, pile driving I-beams combined with
vibration operations would result in increased costs.

1.10.3 Vitrification

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. In situ vitrification is an innovative process of melting wastes
and soils in place to encapsulate inorganic contaminants into a glassy solid matrix. The glass
is resistant to leaching and potentially more durable than other stabilization materials.
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Vitrification is accomplished by joule-heating to melt contaminated material. Melt
temperatures, in the range of 1600 to 20000 C, are high enough to pyrolyze organic
pollutants. Although the process was initially developed to provide enhanced isolation for
buried radioactive wastes, destruction or removal by volatilization of organic hazardous
wastes may also be accomplished. This technology is commercially available for hazardous
chemical wastes and has been full-scale tested at actual mixed waste and radioactive waste
sites at Hanford.

The in situ vitrification process requires insertion of electrodes into the contaminated
soil. A conductive mixture of flaked graphite and glass frit is placed on the surface between
the electrodes to provide a conductive starter path for electrical energy. Heat is generated
from the resistance to electrical current passing between electrodes thereby creating a melt
pool. The starter path material is eventually consumed by oxidation, and the current is
transferred directly to the molten soil which is electrically conductive. As the melt grows
downward and outward, nonvolatile elements are incorporated and organic components are
pyrolyzed. The pyrolyzed byproducts migrate to the surface of the vitrified zone where
oxidation may occur. Convective currents within the melt uniformly mix materials that are
present in the soil. The molten pool cools and solidifies upon the termination of power
input. A hood placed over the processing area provides confinement for the combustion
gases, drawing the gases into an off-gas treatment system.

Implementability. In situ vitrification has been demonstrated on hazardous and
radioactive contaminated sites. Specific site characteristics must be considered in
determining the implementability of vitrification. The presence of groundwater severely
limits the practicality of in situ vitrification. High concentrations of flammable liquids or
solids have produced excessive amounts of gases that have overcome the capacity of the off-
gas treatment system in tests. In situ vitrification is considered implementable for
homogeneously contaminated materials such as soils and riverbank sediments. However, the
process is not considered to be presently implementable for sealed containers that may be
present in solid waste burial sites.

Effectiveness. In situ vitrification is an innovative process potentially applicable to
Hanford soils and solid wastes. The radionuclides and heavy metals would be encapsulated
in a glass matrix that has extremely high resistance to leaching and also has good mechanical
integrity. The vitrified product should be stable for long periods of time. Vitrification of
radioactive soils has been tested in a demonstration project at a crib in the 100-B area (report
in preparation). However, additional development is required to determine whether off-gas
problems can be resolved and adequate depth of melt can be achieved for the process to be
effective at the Hanford 100 Area. In situ vitrification is considered to be highly effective
for immobilizing contaminants in homogeneous waste materials such as soils.

Cost. The major factors affecting costs for in situ vitrification of Hanford 100 Area
soils, riverbank sediments, and solid waste are the moisture content and resistivity of the
material. Energy costs would the highest and most variable cost item for in situ vitrification.
The cost of vitrification is expected to be very high in comparison with other in situ
stabilization/solidification technologies.
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1.10.4 Dynamic Compaction

Applicability. Contaminated soils, riverbank sediments, and buried solid waste.

General Description. Dynamic compaction is an in situ stabilization technique for
consolidating contaminated soils, riverbank sediments, and solid waste burial sites. The
process involves dropping a weight from a predetermined height on the area to be
compacted. The impact of the weight causes shock waves within the underlying media
thereby consolidating soil particles (Schexnayder and Lukas 1992). The equipment required
to perform dynamic compaction consists primarily of a steel or concrete weight suspended
from a crane. The weight, ranging from 10 to 40 tons, would be dropped from heights up to
100 feet (WHC 1991e).

Implementability. Dynamic compaction is a developed technology with extensive
use in the construction industry (Schexnayder and Lukas 1992). Equipment required to
perform dynamic compaction is commercially available and mobile. Crawler mounted cranes
should be capable of accessing all areas within the Hanford 100 Area. Dynamic compaction
is therefore considered an easily implementable technology.

Effectiveness. In the construction of dam foundations, dynamic compaction has
achieved consolidation depths of 30 feet or more in clay and silty soils (WHC 1991e).
Although Hanford soils are porous and should be amenable to dynamic compaction, the
technique has not been demonstrated on solid waste burial sites or soils within the 100 Area.
Therefore, dynamic compaction is considered to have limited effectiveness.

Cost. Commercially available dynamic compaction equipment would have low
capital costs. The process is neither labor nor maintenance intensive. In addition, the
separation between operators and contaminated materials eliminates the need for high-cost
safety equipment. Dynamic compaction is considered a low cost in situ
stabilization/solidification technology.

1.11 THERMAL TREATMENT

The following thermal treatment methods are discussed below:

" Thermal desorption
" Incineration
" Pyrolysis
" Metal melting
* Molten solids processing.

1.11.1 Thermal Desorption

Applicability. Organic contamination destruction in soils, riverbank sediments, and
solid waste.
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General Description. Thermal desorption is a relatively low temperature thermal
treatment for separating water and organic contaminants from soils and solid waste. Organic
constituents removed by thermal desorption are generally incinerated in a second stage
combustion chamber (condensation and separation is also an option). The process has little
effect on inorganic contaminants (EPA 1989a). The basic components of a thermal desorber
are the dryer furnace, second stage incinerator, and off-gas collection/treatment system.

Implementability. The process is applicable to remediation of organic
contamination only. Soils or solid wastes having moisture content above 60 percent may
require dewatering prior to thermal desorption (RAAS 1991). The capacity of existing
thermal desorption systems ranges from 3 to 50 tons/hour of soil type media (RAAS 1991).
The technology is considered moderately implementable at Hanford 100 Area sites containing
organic contamination.

Effectiveness. Pilot tests have shown the extraction efficiency of thermal desorption
to be over 90 percent for polychlorinated biphenyls (PCBs) and 99 percent for phenols
(RAAS 1991). However, full-scale remediation with this technology has not been
demonstrated (RAAS 1991). The efficiency of thermal desorption is inversely affected by
the moisture content of the feed waste stream. Treatability tests would be required to ensure
the effectiveness of this process on Hanford soils and solid wastes. Due to the low moisture
and organic content of Hanford soils and solid waste, thermal desorption has the potential to
be highly effective for organic contaminant removal and destruction.

Costs. Thermal treatment technologies are generally high-cost options. However,
the low temperatures involved with thermal desorption reduce the off-gas collection/treatment
requirements as well as the fuel requirements of the system. Thus, the cost of a thermal
desorption process with a secondary combustion chamber is expected to be moderate in
comparison to other thermal treatment technologies.

1.11.2 Incineration

Applicability. Organic contamination destruction and volume reduction of
combustible materials in solid waste, soils, and riverbank sediments.

General Description. Incineration is an ex situ, high-temperature-oxidation process
in which organic materials are oxidized to carbon dioxide, water, and oxides of other
elements in the waste. Examples of incineration technologies applied to radioactive waste
include multiple hearth, rotary kiln, fluidized bed, and controlled air incinerators.
Incineration systems may be designed for waste forms such as liquids, solids, sludges, soils,
and containerized wastes. The advantages of incineration include maximum volume
reduction, destruction of organics, and residuals that may be stabilized for disposal (RAAS
1991). The components of an incineration system include the feed system, primary and
secondary combustion chambers, ash removal system, and an off-gas treatment system.

Implementability. Incineration is a well developed technology. Incineration
systems are commercially available and can be either mobile or permanent installations. The
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process is applicable to the treatment of organic contaminants only. Stationary incinerators

have been designed for up to 21,000 pounds/hour and transportable incinerators up to 20,000

pounds/hour. Although a significant permitting effort would be required for implementation

of an incineration system, the technology is considered moderately implementable at the

Hanford 100 Area.

Effectiveness. Incineration is a highly effective method for treating organic
contamination. Destructive and removal efficiencies greater than 99.9999 percent have been

achieved (RAAS 1991). As is the case with all thermal treatment technologies, the melting
point of inert components in the waste can present potential problems. For example, certain

compounds containing phosphorus make high viscosity ash. Similarly, lead may vaporize

and then re-solidify in the off-gas treatment system. Therefore, characterization of the feed

material is essential for design. Reliable and environmentally safe systems are possible with

proper design.

Cost. Thermal treatment technologies are typically high cost options. Incineration

systems generally have high permitting costs with moderate operating costs in comparison to

other thermal treatments. Maintenance costs are high due to the complexity of the system.

The overall cost of incineration is expected to be high in comparison to other thermal

treatment technologies.

1.11.3 Pyrolysis

Applicability. Organic contamination destruction and volume reduction of

combustible materials in solid waste, soils, and riverbank sediments.

General Description. Pyrolysis is an ex situ, high temperature thermal treatment

process in which organic compounds are thermally decomposed in the absence of sufficient

oxygen for complete oxidation. Off-gases resulting from pyrolysis are usually oxidized with

excess air in a secondary combustion chamber. Pyrolysis technologies in use today include

conventional pyrolytic reactors, rotary hearth pyrolyzers, and starved-air combustion (RAAS

1991). Pyrolysis technology is flexible and may be applied to liquids, solids, sludges, and

soils. Pyrolysis benefits are similar to incineration and include maximum volume reduction,

destruction of organics, and residuals that may be stabilized for disposal (RAAS 1991).

Implemnentability. Pyrolysis is a well-developed technology and is commercially
available (RAAS 1991). The process is applicable only to the treatment of organic
contaminants. A significant permitting effort would be required (RAAS 1991), but the

technology is considered moderately implementable at the Hanford 100 Area.

Effectiveness. Pyrolysis is a highly effective method for treating liquid and solid

wastes contaminated with hazardous organic constituents. The process requires careful

control of combustion air and feed material to ensure starved-air combustion. Heterogeneous

waste forms at the Hanford 100 Area could present process control difficulties. As is the

case with all thermal treatment options, the melting point of inert constituents in the waste is

a concern (refer to the section on incineration for further discussion).
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Cost. Thermal treatment technologies are generally more expensive than other
treatment technologies due to the complexity of the systems and energy and maintenance
requirements. Pyrolysis technology requires an extensive off-gas treatment system. Thus,
the overall cost of pyrolysis is expected to be high.

1.11.4 Metal Melting

Applicability. Decontamination of metal waste.

General Description. Metal melting is an ex situ treatment for decontaminating
metal waste. Melting under an oxidizing slag has been shown to effectively remove
transuranic contamination from metal wastes (Heshmatpour and Copeland 1981). With this
treatment, metals are decontaminated and the radionuclides are partitioned into a much
smaller volume of slag. The resulting waste form, or solidified slag, is a stable glass
monolith.

Implementability. Metal melting as a decontamination process is an innovative
technology. The process has been demonstrated on a laboratory scale. Additional
development and testing would be required to demonstrate implementability of the process in
treating the contaminated metal wastes at the Hanford 100 Area. At the present stage of
development, the implementability of decontamination by metal melting is considered
difficult because this process requires segregated waste streams of different types of metal.
Such segregation efforts are expected to be difficult to implement, are manpower intensive,
and could potentially conflict with ALARA principles.

Effectiveness. The metal melting decontamination process has been shown to
effectively remove transuranic contamination from many metals (Heshmatpour and Copeland
1981). However, the effectiveness of this technique for removing other contaminants is
uncertain. Additional testing would be required to demonstrate the effectiveness of the
partitioning process in removing fission and activation products that are present in wastes at
the Hanford 100 Area. Due to the variations in melting temperatures of dissimilar metals,
the process requires a highly segregated feed stream. Therefore, the effectiveness of melting
Hanford 100 Area metals is judged to be uncertain.

Cost. The cost of implementing a metal melting decontamination process is
unknown due to the experimental status of the technology. However, thermal treatment
technologies are generally expensive, as discussed in the incineration and pyrolysis
descriptions. Additional costs are incurred by the requirement for a segregated feed stream.
The overall cost of metal melting decontamination is estimated to be high in comparison to
other thermal treatment technologies.

1.11.4 Molten Solids Processing

Applicability. Destruction of organic contaminants and immobilization of solid
waste, soils, and riverbank sediments.
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General Description. Molten solids processes are ex situ, thermal treatment
technologies designed to destroy organic contaminants and immobilize any remaining
constituents. Examples of this technology include molten glass processes (vitrification),
slagging incineration (pyrolysis), molten salt incineration, and plasma incineration (RAAS
1991).

Implementability. Molten solids processes are in the development and
demonstration phase. Additional work is required to demonstrate full-scale capabilities for
these processes. At the current stage of development, molten solids processes are judged to

be difficult to implement at the Hanford 100 Area.

Effectiveness. Thermal treatments are generally highly effective for the destruction
of organic contaminants, and molten solids processing provide the additional feature of

immobilizing any remaining hazardous constituents in a vitrified matrix. However,
technical constraints can limit the effectiveness of these processes for treating 100 Area solid
wastes, soils, and riverbank sediments. Molten salt incineration requires low moisture and

ash content feed waste, as well as preshredding of solids. Plasma incineration is generally
limited to treatment of liquids (RAAS 1991). Slagging incineration process rates are slow

(RAAS 1991). Molten solids processes may not entrain certain contaminants due to
volatilization. Therefore, the technologies are considered to be only moderately effective
for Hanford 100 Area wastes.

Cost. The cost of molten solids processing is judged to be very high in comparison

with other thermal treatment technologies. Molten solids processing requires excessive
energy for melting.

1.12 STABIUZATION/SOLIDIFICATON

The following stabilization/solidification techniques are discussed below:

o Bitumen-based
* Cement-based
* Polymer-based
* Vitrification.

1.12.1 Bitumen-Based

Applicability. Elimination of free liquids, immobilization of organic and inorganic

contaminants in solid waste, soils, and riverbank sediments.

General Description. Bitumen-based stabilization/solidification is an ex situ
treatment process of mixing waste materials with a bitumen (or asphalt) binder to immobilize

contaminants, eliminate free liquids, and produce a solid monolithic waste form for disposal.
Initially waste and bitumen are mixed together; any water present is evaporated by contact
with hot liquid bitumen (DOE 1988). The mixing process coats the remaining waste
materials with bitumen. The mixture is then allowed to cool and harden, thereby
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immobilizing the contaminants within the bitumen matrix. Stabilization/solidification
processes for mixing waste with bitumen can be in-line or in-container as well as stationary
or mobile (Moghissi et al., 1986).

Bitumen-based solidification is generally applicable to treatment of liquid wastes,
such as evaporator concentrates, decontamination liquids, and contaminated oils; wet waste,
such as spent resins and sludges; and dry solid wastes, such as shredded trash, soils and
riverbank sediments, incinerator ash, dryer residues, and other dried materials.

Implementability. Bitumen-based stabilization/solidification is a well developed
technology and is used in the U.S. and European commercial nuclear power industries (DOE
1988). Bitumen has been accepted as a radioactive waste solidification agent at the three
operating commercial radioactive waste burial sites in the U.S. (Moghissi et al., 1986).
Bitumen-based stabilization/solidification is considered to be moderately implementable for
treatment of Hanford 100 Area wastes.

Effectiveness. Bitumen-based stabilization/solidification techniques have been
effectively used for treatment of low-level radioactive wastes from the commercial nuclear
power industry (DOE 1988). However, the combustibility of asphalt must be considered
during handling, storage, and disposal. In addition, concentrations of certain salts in excess
of 40 weight percent may increase leaching rates of contaminants from bitumenized waste
forms (Moghissi et al., 1986). Treatability tests to determine the sensitivity of the bitumen
stabilization/solidification process to multiple contaminants and certain chemicals would be
required. Thus, bitumen-based stabilization/solidification is judged to be moderately
effective for immobilizing contaminants in Hanford 100 Area solid wastes. The technique is
judged not effective for stabilization/solidification of soils due to a large increase in waste
volume.

Cost. Bitumen is a reasonably inexpensive binding agent and is readily available
(Moghissi et al., 1986). The equipment required for bitumen-based stabilization/
solidification is commercially available (DOE 1988). Energy consumption of the processes
may be significant because bitumen must be maintained at a temperature of 150'C to
maintain fluid properties. Bitumenization processes are moderately labor and maintenance
intensive. The overall cost of bitumen-based stabilization/solidification is expected to be low
in comparison with other stabilization/solidification technologies.

1.12.2 Cement-Based

Applicability. Elimination of free liquids, immobilization of organic and inorganic
contaminants in solid waste, soils, and riverbank sediments.

General Description. Cement-based stabilization/solidification is an ex situ
treatment process of mixing waste materials with cement to immobilize contaminants,
eliminate free liquids, and produce a solid monolithic waste form for disposal. Many
formulations of cement, admixtures, such as plasticizers and hardeners, and waste have been
developed for stabilization/solidification of radioactive wastes. Inorganic contaminants such
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as heavy metals and radionuclides are readily amenable to cement-based
stabilization/solidification (Freeman 1989). Organic wastes containing solvents, grease, or
oils interfere with hydration reactions, which in turn inhibit cement-based
stabilization/solidification (Freeman 1989). Proprietary bonding agents that increase the

effectiveness of treating organic contaminants have been developed to eliminate this problem
(EPA 1989a).

Implementability. Cement-based stabilization/solidification is a developed
technology and is commonly used for a variety of radioactive wastes. Cement-based
treatment may be considered standard for the stabilization/solidification of many radioactive
wastes (Freeman 1989). Proprietary bonding agents are currently being developed and
demonstrated by commercial operations (EPA 1989a). Cement-based stabilization/
solidification is considered to be easily implementable at the Hanford 100 Area for soils and
waste byproducts.

Effectiveness. Cement-based stabilization/solidification techniques have been
effectively used for treatment of radioactive and hazardous wastes. However, the sensitivity
of the cementation process to multiple contaminants and certain chemicals would require
treatability tests to ensure effectiveness and to select appropriate bonding agents and mix
ratios. Therefore, cement-based stabilization/solidification is considered to be moderately
effective for treating 100 Area solid wastes. The method is considered not effective for
stabilization/solidification of soils due to a large increase in waste volume.

Cost. Stabilization/solidification equipment is commercially available. Portland
cement is readily available and relatively inexpensive (Roggenthen 1989). Additives, if
required, may be expensive. Cementation processes are neither labor nor maintenance
intensive (Roggenthen 1989). Thus, the overall cost of cement-based
stabilization/solidification is expected to be low in comparison with other
stabilization/solidification technologies.

1.12.3 Polymer-Based

Applicability. Elimination of free liquids, immobilization of organic and inorganic
contaminants in solid waste, soils, and riverbank sediments.

General Description. Polymer-based stabilization/solidification is an ex situ
treatment process of encapsulating waste materials with polymeric materials such as
polyethylene, polybutadiene, or other thermosetting resins.

Implementability. Polymer-based stabilization/solidification is a developed
technology and is commercially available for hazardous and radioactive applications (DOE
1988). Polymer encapsulation processes using polybutadiene and polyethylene have been
developed and demonstrated for low-level radioactive waste (Freeman 1989). However,
macroencapsulation has not generally been used for stabilization/solidification of waste
materials. Polymer-based stabilization/solidification is considered moderately implementable
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for Hanford 100 Area solid waste due to the stage of development and availability of
processes.

Effectiveness. Polymer-based stabilization/solidification is generally effective for
treating most inorganic waste streams. Organic materials in the waste may retard
polymerization (Freeman 1989). The process offers increased waste loading ratios and
improved contaminant containment over other stabilization/solidification processes (Freeman
1989). Treatability tests to determine the effects of organic constituents in the Hanford soils
on the polymerization would be required. In the absence of polymerization retarding organic
constituents, polymer-based stabilization/solidification is considered moderately effective for
treating Hanford 100 Area solid wastes. The method is considered not effective for
stabilization/solidification of soils due to a large increase in waste volume.

Cost. Polymer processing requires complex metering and mixing equipment. The
capital cost of such equipment is high. The raw materials required for polymer
stabilization/solidification are also expensive. Furthermore, maintenance costs would be
high. Thus, the overall cost of polymer-based solidification/stabilization is expected to be
high in comparison with other stabilization/solidification technologies.

1.12.4 Vitrification

Applicability. Destruction of organic contaminants and immobilization of solid
waste, soils, and riverbank sediments.

General Description. Vitrification is an ex situ stabilization/solidification treatment
process of melting waste materials in a glass matrix. The high temperature molten glass
(1000 to 2000*C) volatilizes or destroys the organic constituents as well as the nitrate
components in the waste. The inorganic contaminants, such as heavy metals and
radionuclides, are immobilized in a stable glass form that has mechanical and chemical
properties similar to granite. Vitrification is a variation of molten solids processing.

Implementability. Vitrification is an innovative process that has been demonstrated
on a pilot scale. The vitrification process is applicable to solid waste and soils (Freeman
1989). Vitrification technology has been selected for treatment of high-level nuclear waste at
the Hanford Waste Vitrification Plant (HWVP), the Defense Waste Processing Facility
(DWPF) at Savannah River, and the West Valley Demonstration Project (WVDP) (Gurley et
al., 1988). A significant development effort would be required before implementation of a
vitrification system on the range of wastes at the 100 Area. Vitrification is considered
difficult to implement.

Effectiveness. Vitrification is a highly effective treatment option for removal and
destruction of organic and nitrate contaminants and stabilization/solidification of inorganic
contaminants found in soils. Vitrification is considered moderately effective for solid waste
at the Hanford 100 Area. The resulting waste form is very stable and non-leachable
(Roggenthen 1989).

C-39



DOE\RL-92-11
Draft A

Cost. Vitrification systems are complex and have not been demonstrated on a large
scale. The system would require large amounts of electrical energy to maintain melt

temperatures. The operating and maintenance requirements would be extensive. Hence, the
cost of vitrification is expected to be very high in comparison with other stabilization/
solidification technologies and with other thermal treatment technologies.

1.13 PHYSICAL TREATlENT

The following methods of physical treatment are discussed below:

" Size reduction
* Segregation/sorting
" Repackaging
" Metal decontamination.

1.13.1 Size Reduction

Applicability. Solid waste.

General Description. Size reduction refers to ex situ physical treatment processes
used to reduce volume, to make large objects amenable to handling, and as a preparatory
step for treatment processes. Size reduction processes include shredding, cutting, and
compacting.

Implementability. Size reduction processes are well developed and are used in
nuclear power plants (EPRI 1988) for volume reduction of low-level dry-active wastes
(DAW). Mobile or stationary shredding and compaction systems are available (EPRI, 1988;
Kennerly et al., 1988). Size reduction of solid waste at the 100 Area is considered an easily

implementable treatment option, although some segregation may be required.

Effectiveness. Size- reduction does not affect the toxicity, mobility, or hazards of

contaminants. The presence of free liquids complicates size reduction systems and thick

metal would be difficult to process. Overall, due to the need for additional processing, size
reduction is judged to have limited effectiveness as a treatment process.

Cost. Size reduction equipment is commercially available from many commercial
vendors (EPRI 1988). Size reduction is typically a maintenance intensive process. The
overall cost of size reduction technologies is expected to be low.

1.13.2 Segregation/Sorting

Applicability. Solid waste.

General Description. Segregation and sorting is an ex situ process of separating
solid waste materials by physical or chemical attributes to facilitate additional treatment.
Implementation of a metal melting process, for example, would require that metallic waste be
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segregated/sorted into categories such as steels, lead, and aluminum, prior to melting (see
Section 1.11.4). Sorting can be done manually, automatically, or by some combination of
these depending on waste characteristics. Manual sorting might simply consist of an operator
sorting waste with a robotic manipulator in a hot cell or by hand in a glove box. Air
classification or magnetic separation are examples of automated sorting operations.

Implementability. The implementability of segregation/sorting processes for
radioactive wastes would depend on site-specific parameters. Segregating and sorting
retrieved buried waste would be very difficult to implement at the Hanford 100 Area. The
age and condition of the waste may not be amenable to segregation and sorting and
implementability would depend on the degree of sorting required for subsequent processes.
Manual sorting is labor intensive and not considered consistent with ALARA principles.

Effectiveness. Sorting is only effective when used in conjunction with other waste
treatment processes. The effectiveness of a segregation/sorting process at the Hanford 100
Area would be dependent on the degree of sorting required. A coarse segregation/sorting
process that separates large items of waste during the excavation process would be very
effective. However, more specific sorting processes, such as segregation by metal type, may
not be practical. In general, segregation and sorting of solid waste materials is considered to
have limited effectiveness and would be highly dependent on the type of sorting required for
other operations.

Cost. Segregation and sorting processes for Hanford 100 Area solid waste are
potentially complex. Manual processes would be labor intensive, whereas automated
processes would be maintenance intensive. Therefore, segregation and sorting are expected
to be very high cost processes in comparison to other physical treatment technologies.

1.13.3 Repackaging

Applicability. Solid waste.

General Description. Repackaging is the process of overpacking or replacing
damaged or deteriorated waste containers. Overpacking involves placing a damaged or
deteriorated waste container into a new oversized container. Repackaging is generally a
manual operation, but lifting equipment may be required to handle heavy or oversized waste
materials and containers.

Implementability. Repackaging can be accomplished, but may require size
reduction or special handling for deteriorated containers. Demolition wastes were buried
without packaging; reactor components and "soft" wastes were buried in packages intended
to provide short-term containment (DOE 1991b; DOE 1991c). Repackaging of excavated or
demolished solid wastes is considered a moderately implementable process option.

Effectiveness. Repackaging waste is only a moderately effective process because
contaminants could disperse into the environment if the container is not adequately protected
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and because most containers have a limited lifetime. Repackaging is a necessary component
of most disposal options.

Cost. Repackaging costs are primarily a function of labor and container
requirements. Labor requirements are moderate and maintenance requirements are low. The
cost for this process option is expected to be moderate in comparison with other physical
treatment technologies for solid waste.

1.13.4 Metal Decontamination

Applicability. Metal wastes.

General Description. Metal decontamination is an ex situ physical treatment
process for removing radioactive materials from contaminated metal surfaces such as reactor
components and process equipment. Examples of metal decontamination processes are
(Moghissi et al., 1986):

* Hone and brush abrasion
* Hand wiping/scrubbing
e High-pressure water jetting
a Steam cleaning
o Ultrasonic cleaning
* Abrasive blasting
* Electrochemical polishing
* Solvent cleaning
* Chemical cleaning
* Vibratory finishing.

The primary objective of metal decontamination is to reduce contamination levels to
below release limits. By reducing the contamination levels, restrictions that would otherwise
apply due to the presence of radioactivity would be bypassed (Moghissi et al., 1986). If
contamination levels cannot be reduced to below release limits, the objective of metal
decontamination becomes the reduction of contamination to a level such that the item can be

disposed under less stringent requirements. For example, removal of TRU contaminants to a
level that allows disposal of the metal as a low-level waste.

Implementability. Several decontamination techniques are available and used
routinely for surface decontamination of tools and equipment from nuclear facilities
(Moghissi et al., 1986). The methods are based on the nature and extent of the
contamination and the characteristics of the material to be treated. Metal decontamination is

judged to be difficult to implement at the Hanford 100 Area due to the types and
concentration of radionuclide contamination, condition of buried metal waste, and the
required segregation.

Effectiveness. High-pressure water jets and hone and brush abrasion have been
shown to be effective in decontaminating inner surfaces of piping (Moghissi et al., 1986).
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Vibratory finishing, ultrasonic cleaning with acidic solutions, and solvent cleaning are also
considered to be effective processes of decontamination (Moghissi et al., 1986). Other
effective techniques include abrasive blasting and electro-polishing, but these produce large
quantities of secondary wastes (Moghissi et al., 1986). The effectiveness of metal
decontamination in treating Hanford 100 Area metal waste is dependent on the level of
contamination and physical condition of the waste. Treatability tests would be required to
determine the effectiveness of metal decontamination. The effectiveness of metal
decontamination is judged to be high provided that little or no oxidation has occurred.

Cost. The capital cost of such decontamination equipment is expected to be high.
The processes may or may not be labor intensive depending on the specific procedure.
Waste from pretreatment, maintenance requirements and generation, collection, and treatment
of secondary waste forms are additional cost considerations. The overall cost of metal
decontamination is expected to be high in comparison to other physical treatments for solid
waste.

1.14 CHEMICAL TREATMENT

The following methods of chemical treatment are discussed below:

" Chemical oxidation
" Acid digestion
" Hydrolysis.

1.14.1 Chemical Oxidation

Applicability. Organic contamination in groundwater, soils, riverbank sediments,
and solid wastes.

General Description. Chemical oxidation is an ex situ chemical treatment for
destroying organic contaminants. Commonly used oxidizing agents include ozone, chlorine,
potassium permanganate, and hydrogen peroxide. Chemical oxidation is most efficient for
dilute aqueous wastes and gases with limited application for slurries, tars, and sludges.
Treatment chemicals are typically added in excess of stoichiometric requirements.
Ultraviolet light has been found to increase the oxidizing power of peroxide and ozone (Min
et al., 1991).

Implementability. Chemical oxidation processes are well developed and
commercially available. Photolysis, one form of chemical oxidation, uses a light source to
catalyze the oxidation reaction and is dependent on waste material and fluid clarity.
Chemical oxidation is implementable in the liquid and gaseous phases (Min et al., 1991).
Oxidation of solid wastes is difficult because the contamination must be extracted from the
solid into a liquid or gaseous form prior to the oxidation. Chemical oxidation would be
considered moderately implementable for groundwater.
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Effectiveness. Chemical oxidation, including photolysis, is moderately effective for
the destruction of organic contaminants in liquid waste streams. These processes are judged
to have limited effectiveness in treating solid waste, soils, and riverbank sediments due to the
need for extracting the organics.

Cost. Chemical oxidation and photolysis require high cost chemical reagents and
treatment of secondary wastes. Electrical and equipment costs for UV-photolysis can be very
expensive. Therefore, chemical oxidation is judged to have very high implementation and
operating costs.

1.14.2 Acid Digestion

Applicability. Solid waste.

General Description. Acid digestion is an ex situ chemical treatment process which
oxidizes organic materials and partially oxidizes metals by chemical reaction with acid (Lerch
et al., 1981). Waste is digested in a heated bath of sulfuric acid. The sulfuric acid
carbonizes and partially oxidizes organics (Lerch et al., 1981). Complete oxidation is
accomplished by the addition of nitric acid to the reactor vessel at a rate proportional to
waste feed requirements. The resulting residue must be separated from the acid bath by
filtration or distillation (Lerch et al., 1981). These residues would require additional
treatment such as solidification/stabilization by cementation or vitrification. Acid digestion is
similar to a combustion process and requires off-gas collection and treatment.

Implementability. Acid digestion of contaminated combustible waste has been
tested and demonstrated at the Hanford Engineering Development Laboratory (Allen and
Lerch 1982). Immobilization of acid digestion residue has also been demonstrated
(Greenhalgh and Allen 1983). The current status of development and the hazards associated
with hot acid processing of this process suggests that implementation for treatment of 100
Area combustible waste would be difficult.

Effectiveness. The process can treat combustible wastes including PVC,
polyethylene, paper, ion exchange resin, all types of rubber, and other cellulosic materials
(Lerch et al., 1981). Process rates are very low (Lerch et al., 1981). Slow processing rates
indicate limited effectiveness for acid digestion of wastes from the Hanford 100 Area.

Cost. Acid digestion systems are not fully developed or commercially available.
The process is not labor intensive, although extensive process control is required. Sulfuric
acid can be recycled in the process but treatment of secondary wastes is expensive. The
complexity of such a system implies costly maintenance. The overall cost of implementing
an acid digestion system would be very high in comparison with other chemical treatment
technologies for solid waste.

1.14.3 Hydrolysis

Applicability. Solid reactive materials and insoluble solid organics.
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General Description. Hydrolysis is an ex situ chemical treatment process.
Hydrolysis is a fragmentation/substitution reaction which may occur in pure water for
reactive compounds such as alkali metals or in acidic or basic conditions for insoluble
organics. The fragmentation/substitution reaction decomposes organic contaminants or
reduces reactive materials into significantly less hazardous aqueous solutions. Hydrolysis as
a waste treatment is most effective when applied to high concentrations of reactive materials
or insoluble organics. This treatment is not intended for low concentrations of contaminants
that may be present in groundwater, soils, or riverbank sediments.

Implementability. Hydrolysis is a well developed technology that has traditionally
been used to synthesize organic chemicals such as alkyl halides and hydrogen sulfates (RAAS
1991). Hydrolysis is considered difficult to implement at the Hanford 100 Area because
reactive materials and insoluble organics are not present in a relatively pure form.

Effectiveness. Hydrolysis is an effective method of partial reduction of insoluble
organic materials into more soluble components and in decreasing the dangers associated with
reactive materials. Hydrolysis is effective for a limited portion of the contaminants of
concern. The effectiveness of hydrolysis in treating solid waste is limited due to unknown
amounts of pure reactive and insoluble organic materials present in the Hanford 100 Area.

Cost. The capital costs for hydrolysis are considered to be high. Reagent solutions
for acidic and/or basic solutions may significantly increase operating costs. Overall, the cost
for implementing hydrolysis for treatment of Hanford 100 Area solid wastes is judged to be
high relative to other chemical treatment technologies due to dangerous operating conditions.

2.0 GROUNDWATER TECHNOLOGY DESCRIPTIONS

2.1 ACCESS RESTRICTIONS

2.1.1 Water Rights Rdstrictions

Refer to "Technical Descriptions for Solid Waste" under Deed Restrictions,
discussed in Section 1.1.2.

2.1.2 Deed Restrictions

Refer to "Technical Descriptions for Solid Waste" under Deed Restrictions,
discussed in Section 1.1.2.

2.2 MONITORING

The following monitoring techniques are discussed below:

" Wellpoint monitoring
" Groundwater monitoring.
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2.2.1 Wellpoint Monitoring

Applicability. Groundwater

General Description. Welipoint monitoring systems consist of a series of closely
spaced wells connected to a header. Samples are withdrawn from the header with a small
suction pump. The wellpoint monitoring system is installed in an aquifer on the
downgradient side of a point source to collect samples of potentially contaminated
groundwater.

Implementability. Wellpoint monitoring is a common technique for collecting
groundwater samples. The presence of gravel and cobbles in Hanford 100 Area soils limits
the installation of wellpoints. Wellpoints are installed by driving small diameter pipe through
soil; rocks encountered would prevent proper installation or may damage the screen
configuration. Wellpoint systems are not considered implementable at the Hanford 100 Area
for this reason.

Effectiveness. The wellpoint monitoring system is most suitable for applications
where depth to groundwater is low and soils are sandy. The system can be modified for
deeper aquifers but cannot be used in soils containing cobbles or boulders. Wellpoint
monitoring is therefore considered to be ineffective for the Hanford 100 Area.

Cost. The cost of implementing wellpoint monitoring systems is considered to be
low relative to other monitoring technologies due to the availability and common use of
standard well installation equipment.

2.2.2 Groundwater Monitoring

Applicability. Groundwater

General Description. Groundwater monitoring systems consist of a network of
monitoring wells placed upgradient and downgradient of potential contaminant sources. The
exact number, construction, depth, and locations of the wells is dependent upon site-specific
hydrogeological characteristics and the potential contaminants of concern. Groundwater
samples are collected from the well(s) using suction or submersible pumps or bailers, and
analyzed for the parameters of interest. Upgradient wells are routinely installed to provide
baseline groundwater quality for comparison purposes. Sidegradient wells are installed to
assist in plume delineation.

Implementability. Groundwater monitoring networks are routinely installed at
waste management facilities. Installation techniques are readily available and are well suited
for use in the Hanford 100 Area.

Effectiveness. Properly designed, constructed, maintained, and operated
groundwater monitoring networks are highly effective in assessing existence and extent of
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contamination in the groundwater. These networks can also be used to gauge the success of
groundwater remediation activities. Monitoring alone is not effective in protecting health and
environment.

Cost. The cost of installing a groundwater monitoring network at the Hanford 100
Area is considered to be moderate in comparison to other monitoring techniques. Operating
and maintenance costs depend on the analytical parameters to be determined, the monitoring
frequency, and the data interpretation activities associated with the monitoring program.

2.3 ALTERNATE WATER SUPPLY

2.3.1 Columbia River and Development of Nearby Sources

Applicability. Replacement of groundwater for domestic, industrial, or agricultural
uses.

General Description. The purpose of this option is to provide alternative water
sources to locally contaminated groundwater. Two options are considered here: the use of
Columbia River water by direct pumping from uncontaminated areas or by constructing a
reservoir exclusively for this purpose; or the development of nearby uncontaminated
groundwater sources.

Implementability. Direct diversion of river water would be easily implementable.
Water rights could be purchased from nearby sources if future land use options include
agricultural activities or grazing. Pipelines would be required for development of nearby
sources. Therefore this option is considered moderately implementable.

Effectiveness. The options presented above provide effective replacements for
groundwater. Prior to allowing practices, such as irrigation, that may recharge the aquifer,
the possible mobilization of contaminants through the use of replacement water would require
consideration.

Cost. The cost of implementing water replacement practices is a function of the
amount of water required, irrespective of whether water rights must be purchased and dams
and pipelines constructed. On this basis, the diversion of Columbia River water is
considered a moderate cost option and development of other nearby sources is considered a
relatively high cost option.

2.4 HORIZONTAL BARRIERS

Refer to "Solid Waste Technology Descriptions." under Horizontal Barriers,
discussed in Section 1.4.
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2.5 VERTICAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Vertical Barriers, discussed
in Section 1.5.

2.6 HYDRAULIC CONTROL

The following methods of hydraulic control of groundwater are discussed below:

* Extraction wells
" Extraction drains/trenches.

2.6.1 Extraction Wells

Applicability. Groundwater

General Description. Groundwater extraction wells are used to withdraw, and
occasionally, isolate contaminated groundwater by manipulation of the hydraulic gradient
(RAAS 1991). The extraction system design may include a single well for the withdrawal or
containment of an isolated plume or multiple well to control a larger or more dispersed
plume. The complexity of the design depends on the nature of the transporting medium, the
depth of penetration of the contaminant, and the complexity of the geologic stratigraphy.
The extraction process is the precursor to groundwater treatment or disposal alternatives.
Injection wells work in a manner opposite to extraction wells but employ similar design and
construction.

Implementability. Groundwater wells for injection or extraction are considered
conventional technology. The extraction/injection methods and technologies are well
established in the remediation industry (RAAS 1991). The coarse nature and high
transmissivity of Hanford 100 Area soils and the shallow depths to groundwater make
extraction wells easily implementable.

Effectiveness. The geology and the nature of soils in the Hanford 100 Area lend
themselves to installation and operation of extraction wells. The technology is considered a
highly effective method of extracting groundwater.

Cost. The capital costs for extraction wells is expected to be moderate relative to
other extraction systems. The major expenditures would be the well construction, the piping,
and pump installation. Operating costs for extraction wells are expected to be low.

2.6.2 Extraction Drains/Trenches

Applicability. Groundwater

General Description. Extraction drains/trenches include any type of buried conduit,
equipped with pumps, or below-grade trench used to direct and collect contaminated
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groundwater by gravity flow (Freeman 1989). A subsurface drainage system may consist of
a single extraction point or a series of extraction points, depending on the extent of
contamination, to collect leachate for treatment or monitoring. Drains/trenches can be used
as barriers to prevent contamination or to intercept a contamination plume downgradient from
a source. The method can be utilized in conjunction with other groundwater treatment or
disposal technologies.

Implementability. Subsurface drainage systems are generally limited to shallow
contamination. Installation may require excavation into contaminated materials. Due to the
depth of contamination in the Hanford 100 Area, extraction drains/trenches may have limited
application for intercepting contaminant plumes. Extraction drains/trenches are difficult to
implement beneath existing solid waste burial sites and contaminated soil areas. Extraction
drains/trenches would be moderately implementable for directing and collecting groundwater,
but would require excavation of large volumes of soil.

Effectiveness. Extraction drains/trenches would be highly effective when used for
shallow groundwater contamination. Little or no infiltration would be expected for solid
waste or soils; therefore, the technology would be ineffective for these applications.

Cost. The cost of installing extraction drains/trenches is expected to be high relative
to other subsurface flow control technologies. Implementation costs are primarily a function
of the amount of excavation required. Excavation through contaminated materials may
require equipment modifications and additional safety precautions to protect workers which
would increase costs.

2.7 GROUNDWATER EXTRACTION

The following methods of groundwater extraction are discussed below:

" Extraction wells
* Extraction drains/trenches
* Aquifer mining.

2.7.1 Extraction Wells

Refer to "Extraction Wells" under Hydraulic Control, discussed in Section 2.6.1.

2.7.2 Extraction Drains/Trenches

Refer to "Extraction Drains/Trenches" under Hydraulic Control, discussed in
Section 2.6.2.

2.7.3 Aquifer Mining

Applicability. Groundwater
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General Description. Aquifer mining is a groundwater extraction technique that
involves removal of an entire contaminated groundwater formation. Application of the
technique in the 100 Area would involve the removal of uncontaminated overburden,
contaminated soil, sediment, and solid waste, and the mining of the water bearing strata.

Implementability. Aquifer mining is very similar to strip mining, a well developed
technology. This technique is considered a drastic approach that would be used in
conjunction with removal of contaminated soil, sediment, and solid waste. The materials that
must be removed include all soils, riverbank sediments, and solid waste above and within
contaminated groundwater plumes. While earth removal is not considered a technical
challenge, removal of such a large volume of material would be more difficult. The depth to
confining layers beneath the unconfined aquifer may exceed 150 feet in certain areas. For
these reasons, aquifer mining would be difficult to implement in the 100 Area.

Effectiveness. Aquifer mining involves simultaneous removal of contaminated
groundwater and the soil in which it is present. The sources of groundwater contamination
include trenches, cribs, and drains that must be removed prior to aquifer mining. Aquifer
mining would be highly effective in eliminating groundwater contamination and the potential
for contaminant leaching from aquifer material.

Cost. The cost of aquifer mining is very high relative to other groundwater removal
technologies and is directly proportional to the volume of material to be removed and the
depth of excavation required. In addition, protection of workers and containment of the
excavation site are significant factors that would influence the cost.

2.7.4 Lixiviant Extraction for Groundwater Saturated Sediments

Applicability. Inorganic contamination in groundwater saturated sediments.

General Description. Lixiviant extraction is a combination in situ/ex situ treatment
method. Lixiviant extraction involves injection of chemical reagents to contaminated aquifers
to leach adsorbed contaminants from the sediments into the groundwater. Contaminated
groundwater containing the leached constituents is recovered downgradient through
conventional extraction wells. Recovered groundwater is subsequently treated ex situ to
remove contaminants and the lixiviant solutions may then be recycled.

The lixiviant extraction process is similar to in situ leaching operations in the mining
in industry where a chemical solution is allowed to percolate through the soil by gravity flow
or forced injection. Lixiviants (e.g., sodium carbonate/bicarbonate) have been developed for
extraction of uranium and commercial in situ uranium mines currently exist.

Implementability. Lixiviant extraction is considered an innovative technology for
this application. Successful implementation of a lixiviant sediment flushing process in the
100 Area is dependent on the aquifer characteristics and the ability to recover lixiviated
contaminants. Also, considerable R&D would be required to develop suitable lixiviants for
many of the Hanford contaminants. Soil and groundwater characteristics must be conducive
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to injection and extraction of flushing solutions. Lixiviant extraction is considered difficult
to implement due to the need for injecting flushing agents and the potential for mobilization
of contamination in groundwater system.

Effectiveness. The effectiveness of lixiviant extraction depends on the aquifer
characteristics, the ability to recover the contaminated groundwater, and the development of
suitable chemical reagents. Difficulties involved with lixiviant extraction include limiting
reactions to contaminants, monitoring and controlling progress, directing treatment through
the soil, preventing soil pore plugging, and meeting current requirements for residual
contaminant levels in the aquifer. R&D and treatability tests would be required to prove the
effectiveness of lixiviant extraction for removing 100 Area contaminants from aquifer
sediments. Thus the effectiveness of lixiviant extraction is rated as uncertain.

Cost. The large volume of contaminated sediments in the Hanford 100 Area would
require multiple lixiviant extraction systems operating in parallel. The capital costs involved
with lixiviant extraction are expected to be moderate in comparison with other groundwater
extraction technologies. Costs associated with secondary treatment equipment for
contaminated flushing solutions are also significant.

Operating costs for soil flushing are also expected to be high in comparison with
other groundwater extraction technologies. Continuous operation of injection/extraction wells
and continuous wastewater treatment would require frequent equipment maintenance,
significant energy usage, and potentially large quantities of chemicals.

2.8 WASTEWATER DISPOSAL

The following methods of wastewater disposal are discussed below:

" Deep-well injection
" Above-/below-ground tanks
" Evaporation ponds.

2.8.1 Deep-Well Injection

Applicability. Contaminated groundwater and treated effluent.

General Description. Deep-well injection involves the reinjection of waste water
into the underlying geology for permanent disposal. This form of disposal is applicable to
both treated and untreated waste waters. Waste water injection wells are constructed with
the injection point in porous, permeable, saline-water-bearing rock stratum that is vertically
confined by relatively impermeable beds (Freeman 1989). In general, the injection point is
at a sufficient distance under the regional aquifer to minimize the potential of groundwater
contamination.
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Implementation. The implementability of deep-well injection for disposal of
contaminated 100 Area groundwater is dependent on the local geology of the area. The
geologic requirements for deep-well injection are:

* Confining layers that are sufficiently thick, extensive, and impermeable to contain
the aqueous waste in isolation

" Stable regions that do not have any boreholes or other wells that may provide
pathways for migration of contaminated groundwater.

Assessment of the local geology indicates that the Grand Ronde Formation would
satisfy the geologic requirements for deep-well injection. This region lies within the basalt
formations at approximately 3000 to 4000 feet beneath the surface of the Hanford Site.
Deep-well injection of hazardous, radioactive, and mixed waste waters would require
compliance with applicable regulations. Regulatory compliance would require a significant
effort involving groundwater modeling, site characterization, permitting, and public
acceptance. Therefore, deep-well injection is considered difficult to implement.

Effectiveness. Deep-well injection has been used for disposal of RCRA hazardous
wastes (Freeman 1989). Disposal of contaminated 100 Area groundwater by deep-well
injection is considered a highly effective method for isolating radioactive groundwater from
uncontaminated groundwater, the surface environment, and human contact. Such isolation
would allow time for decay of isotopes, such as tritium, and dilution of other contaminants.

Cost. The cost of deep-well injection is high in comparison with other groundwater
disposal methods. Factors affecting the cost of deep-well injection include initial well
drilling, pumping requirements, monitoring, and the process of securing disposal permits
which would potentially contribute greatly to cost.

2.8.2 Above-/Below-Ground Tanks

Applicability. Contaminated groundwater and treated effluent.

General Description. Above- or below-grade tanks can be used for temporary
storage of contaminated liquid waste. These tanks can be of single- or double-shell design
depending on the containment requirements of the waste. Above-ground tanks are applicable
to short-term storage, whereas below-ground tanks are more applicable to long-term storage.
Tank storage can be used to allow natural attenuation of relatively short-lived contaminants
or to provide temporary storage in anticipation of future treatment.

Implementation. Above- and below-ground tanks are currently used at Hanford for
storage of high-level liquid wastes. The technology and resources for implementing liquid
waste storage in above- and below-ground tanks are readily available. This method of
storage and disposal is considered moderately implementable at the Hanford 100 Area.
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Effectiveness. Past history indicates difficulty in maintaining the integrity of tanks.
The total volume of contaminated groundwater present in the Hanford 100 Area is estimated
at 4.8 billion gallons (1 pore volume). Effectively containing this volume in above- and
below-ground tanks for long periods of time is improbable.

Cost. The cost of waste water tank storage is very high in comparison with other
disposal technologies. Underground tanks would require additional excavation and are more
expensive to install than above-ground tanks. Operating costs are low and consist primarily
of continuous monitoring to ensure containment integrity. Periodic maintenance would be
required depending on the period of storage.

2.8.3 Evaporation Ponds (Evaporation: Passive)

Applicability. Nonvolatile inorganically and organically contaminated groundwater,
effluents from other treatment processes.

General Description. Evaporation ponds refer to the disposal of wastewater by
solar evaporation. This process is identical to passive evaporation which is described below.
Passive evaporation is a physical treatment for volume reduction of groundwater. The
process involves vaporization by solar energy to separate the volatile solvent, or water, from
nonvolatile contaminants such as heavy metals, suspended solids, and radionuclides. The
evaporation process reduces the volume of contaminated fluids and releases the volatile
constituents as purified vapors. The contaminants are concentrated in a residue which may
be solidified, dried, or calcined. Passive evaporation could be used for disposal of
contaminated groundwater.

Implementability. Passive evaporation is a conventional technology. The process
uses ponds to maximize the surface area of a given fluid volume and increase evaporation.
Passive evaporation is best suited for small or moderate volumes of contaminated water. The
process is considered easily implementable at the Hanford 100 Area.

Effectiveness. Passive evaporation is an effective volume reduction technology in
arid regions such as the Hanford Site. However, tritium is a contaminant in groundwater
which would also evaporate with water. Such a release is not desirable and thus passive
evaporation is considered not effective in protecting health and environment.

Cost. A passive evaporation system would be a low cost treatment or disposal
technique. Capital, operating, and maintenance costs are low in comparison to other physical
treatment or disposal options for groundwater. However, secondary treatment requirements
may increase costs.

2.9 IN SITU BIOLOGICAL TREATMENT

The following methods of in situ biological treatment are discussed below:

* Enhanced groundwater bioremediation
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Biodenitrification.

2.9.1 Enhanced Groundwater Bioremediation

Applicability. Organic contamination in groundwater.

General Description. Enhanced groundwater bioremediation is an in situ biological
treatment process for destruction of organic contaminants in groundwater. The treatment may
use bacteria indigenous to the particular environment or bacteria that have been cultured to
degrade particular contaminants. Adding nutrients to the groundwater enhances degradation
by stimulating growth of indigenous bacteria. Bacteria that are specially cultured to degrade
a particular contaminant can be added to the groundwater.

Enhanced groundwater bioremediation involves circulation of a treatment fluid
containing nutrients or cultured bacteria through the area of contamination. The process may
be conducted under aerobic or anaerobic conditions. Aerobic processes (e.g., hydrogen
peroxide providing oxygen) are preferred because processing rates are increased. The
treatment fluid is injected directly into the groundwater. Residual products are then extracted
for surface treatment or recirculation into the site. Circulation is continued until the site is
determined to be "clean." Collection of this water can be the most difficult aspect of the
treatment. Another difficulty with this technology is ensuring that the contaminated area is
contained during treatment.

Implementability. Bioremediation requires a site hydrology where injection and
extraction can be performed without spreading contamination or leaving residual products.
Due to the high permeability of Hanford 100 Area aquifers, circulation of the treatment fluid
without mobilizing contamination would be difficult. Enhanced groundwater bioremediation
treatability tests would be required to ensure process control and containment of inorganic
and radioactive contaminants.

Effectiveness. Although enhanced groundwater bioremediation is a developed
remediation technology, the process is complex and variables such as bacterial concentration,
temperature, pH, nutrient concentration, and oxygen availability must be controlled.
Enhanced groundwater bioremediation would be considered moderately effective if the
process variables listed above can be maintained within acceptable tolerances.

Cost. The cost of enhanced groundwater bioremediation is high relative to other in
situ organic contaminant treatment processes. The capital costs include an extensive
injection/extraction well system and treatment fluid storage tanks. Operating costs include
utilities, secondary waste treatment, and process materials such as nutrients, bacteria
cultures, and hydrogen peroxide.

2.9.2 Biodenitrification

Applicability. Nitrate contamination in groundwater, soils, and riverbank sediments A

C-54



DOE\RL-92-11
Draft A

General Description. Biological denitrification is an anaerobic process where
microbial metabolic action reduces nitrates to nitrogen gas. Bacteria use nitrate anions as a
source of oxygen for metabolizing organic materials. Denitrification occurs as bacteria
consume carbon (food source) supplied by organic material present in the contaminated
media or waste stream or by introduction of compounds such as methanol or acetic acid.

Jimplementability. In situ and ex situ biological denitrification are developed
technologies. Hydrocarbon contamination plumes have been biologically degraded under
denitrifying conditions in groundwater (Hutchins and Wilson 1991; Mikesell et al., 1991).
Tests of an ex situ denitrification process have been conducted at the Hanford Site where
concentrations of nitrate were reduced from approximately 400 milligrams per liter to less
than one milligram per liter (Brouns et al., 1991). Based on the results of these tests, an in
situ process for treating contaminated groundwater is being developed (Brouns et al., 1991).
In situ and ex situ biological denitrification processes are considered moderately
implementable based on previous success.

Effectiveness. Results of the Hanford ex situ denitrification tests show that nitrate
concentrations are reduced to levels that are within acceptable drinking water standards

- (Brouns et al., 1991). Factors influencing the effectiveness of denitrification include organic
carbon availability, presence of dissolved solids, and concentration of nitrates. The organic
carbon source is critical to the effectiveness of nitrogen removal. Typically, the ratio of
organic carbon to nitrogen is maintained at 1.3 to 1. High levels of dissolved solids inhibit
the biodenitrification process. The rate at which denitrification occurs is inversely
proportional to the concentration of nitrates in the waste stream. In situ and ex situ
biological denitrification processes are considered highly effective based on test results and
previous remediation experience.

Cost. The large volume of nitrate contaminated groundwater in the Hanford 100
Area may require parallel operation of multiple ex situ denitrification systems. The capital
costs for ex situ biodenitrification are expected to be high in comparison with other ex situ
biological groundwater and soil treatment technologies. The capital costs for in situ
biodenitrification are expected to be moderate in comparison with other in situ groundwater
and soil treatment technologies.

Operating costs for ex situ biodenitrification are expected to be high in comparison
with other groundwater and soil treatment technologies. Primary operating costs are incurred
for nutrients, organic carbon additives, and maintenance. Operating costs for in situ
denitrification are expected to be moderate in comparison with other in situ groundwater and
soil treatment technologies. The primary operating costs for in situ denitrification result
from injection of nutrients, organic carbon sources, and monitoring.

2.10 IN SITU PHYSICAL TREATMENT

The following in situ physical treatment methods are discussed below:

* Air stripping
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" Permeable treatment beds
* Vapor extraction
* Electro-kinetic separation.

2.10.1 Air Stripping

Applicability. VOC contaminated groundwater.

General Description. In situ air stripping is a variation of conventional air
stripping which occurs in a tray or packed tower. The mass transfer operation from liquid to
gas occurs in a subsurface trench excavated to a level below the water table or in a
horizontal well containing a perforated pipe or tube backfilled with gravel. The gravel
allows groundwater to percolate to the perforated pipe making contact with air bubbles that
strip VOCs from solution. The VOCs and air migrate to the surface where they are vented
to the atmosphere.

Implementability. The implementability of in situ air stripping technology is
limited by three factors; the variation in depth of excavation to groundwater at the Hanford
100 Area; the potential for organic material adsorption in vadose zone soils; and the
acceptability of venting VOCs to the atmosphere. Engineering design can overcome
problems associated with depth. The technology is considered moderately implementable due
to potential regulatory impacts on venting to the atmosphere.

Effectiveness. In situ air stripping is considered highly effective for removal of
VOCs from groundwater. The effectiveness of the technology is complicated by the depth to
groundwater. Compressors must be sized to overcome both the groundwater head and
friction loss as air moves through the soil to the surface. The primary soil characteristic -

influencing the effectiveness of in situ air stripping is gas permeability. A gas permeability
differential (i.e., clay barrier) above the air injection zone can reduce the effectiveness of this
technique by causing lateral instead of vertical migration of contaminants (Angell 1992). The
depth to groundwater is also a concern due to the decreasing control of air migration in the
soil with increasing depth to groundwater. However, the actual effects of soil characteristics
and depth to groundwater will be site-specific and requires treatability testing to define.

Cost. Cost for in situ air stripping is considered to be moderate relative to other in
situ physical treatments for groundwater.

2.10.2 Permeable Treatment Beds

Applicable Media. Contaminated groundwater.

General Description. A permeable treatment bed is constructed by excavating a
trench to a natural confining layer such as bedrock. The trench is then backfilled with a
porous treatment media that intercepts contaminants in the groundwater. Examples of
treatment media selected may include activated carbon for organic contamination, limestone,
or sodium carbonate which alters the solubility of contaminants such as heavy metals and
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radionuclides. The permeable treatment bed is placed downgradient of contamination and
adsorbs contaminants as the groundwater flows through the treatment media.

Implementability. Permeable treatment beds are most applicable where
contaminated groundwater is shallow and contaminant concentrations are low.
Implementability is difficult at the Hanford 100 Area because the large quantity of
contamination would require treatment media replacement and the treatment media must
adsorb, or form complexes with, a large range of contaminants.

Effectiveness. Effectiveness of this technology is limited due to the need for
contaminant specific media. Precipitation of insoluble contaminant salts may also cause loss
of the engineered permeability of the bed which could limit the effectiveness of this
treatment.

Cost. This treatment has the potential of being very expensive due to the need for
large quantities of treatment materials, extensive excavation, and removal of spent material.
Based on this, the cost of using permeable treatment beds is considered high relative to other
in situ physical groundwater treatment options.

2.10.3 Vapor Extraction

Applicability. VOC contaminated groundwater, soils, and riverbank sediments.

General Description. Vapor extraction is an in situ treatment option for
remediation of VOC contamination. A vacuum drawn on the vadose zone induces
vaporization of VOCs. These contaminants are then drawn to an extraction well and
ultimately to secondary treatment such as venting, carbon adsorption, or incineration (Kent et
al., 1990). Refer to sections on steam stripping and air stripping (also in situ air stripping)
for variations of this technology. The technology may also be applied on an ex situ basis to
remove contaminants from containerized waste.

Implementability. Vapor extraction is considered a conventional technology with
broad application. The technology has been successfully applied as an interim action for
remediation of the carbon tetrachloride plume in the 200 Area of Hanford. The extraction
process may be adapted to a wide range of site conditions at the Hanford 100 Area operable
units where VOC contamination requires remediation. The technology is considered easily
implementable.

Effectiveness. The physical properties of the contaminants that influence the
effectiveness of vapor extraction include vapor pressure, vapor density, liquid specific
gravity, vadose zone permeability, and contaminant solubility in water. The thickness of the
contaminated zone could influence the success of vapor extraction as the effectiveness of the
vacuum is inversely proportional to the contaminated zone thickness. The effectiveness of
this technology is considered moderate for groundwater in situ application and highly
effective for the porous soils at the Hanford 100 Area.
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Cost. The cost per cubic yard of contaminated soil remediated is generally less than
for excavation technology, but the cost per pound of organics removed can be high. The
capital costs for the initial system set-up should be similar to that for air stripping
technology. Extraction wells are required and certain capital equipment in the form of
blowers, surface piping, and secondary treatment equipment are also needed. Depth of wells
is difficult to estimate without pilot testing. The costs are low relative to other in situ
physical treatments for organic contamination remediation.

2.10.4 Electro-Kinetic Separation

Applicability. Organic and inorganic ion contamination in groundwater.

General Description. Electro-kinetic separation is an in situ physical treatment
method of separating contaminants and/or water from saturated soils. The process induces
water and contaminant flow by passing a direct current through a soil mass between positive
(anodes) and negative (cathodes) electrodes (Steude and Tucker 1991). This direct current

N, induces movement of electricity (current flow), ions (ionic drift), charged particles
(electrophoresis), and water (electro-osmosis) (RAAS 1991). Remedial applications of
electro-kinetics rely on ionic drift and electro-osmosis. Through the use of extraction wells,
water and ionic contaminants are extracted at the anodes and anionic contaminants are
extracted at the cathodes.

Implementability. Remedial applications of electro-kinetics are in the
demonstration phase of development. The technology has been used for over fifty years for
industrial applications such as dewatering soils and sludges, removing salts from agricultural
soils, and increasing petroleum production (Stuede and Tucker 1991). This method is
considered applicable to saturated soils with a hydraulic conductivity less than lxlt 5 cm/sec
(RAAS 1991). The implementability of electro-kinetic separation at the Hanford 100 Area is
considered to be uncertain due to the relatively high hydraulic conductivity of the unconfined
aquifer (approximately 10 cm/sec).

Effectiveness. Laboratory experiments have shown that the technology effectively
mobilizes certain ionic species, such as acetic acid, while being ineffective for others, such
as sodium chloride (Stuede and Tucker 1991). The technology can potentially have adverse
effects on soil chemistry including mineral dissolution, precipitation of secondary minerals,
and an increase in soil pH (RAAS 1991). In addition, electrolysis of water would generate
hydrogen gas (RAAS 1991). The effectiveness of electro-kinetic separation for treating
Hanford 100 Area groundwater is uncertain due to limited application and demonstration.

Cost. In situ electro-kinetic separation requires additional processes, such as
extraction wells and treatment systems, to perform groundwater remediation. Power
consumption is based on contaminant concentrations and the remedial time frame. The cost
of electro-kinetic separation is considered high due to additional processing and high energy
requirements.

C-58



DOE\RL-92-l1
Draft A

2.11 IN SITU CHEMICAL TREATMENT

2.11.1 In Situ Chemical Precipitation

Applicability. Groundwater contaminated with heavy metals and radionuclides

General Description. In situ chemical precipitation is an innovative groundwater
treatment technique. The chemical precipitation reactions discussed here include any
technique which results in the production of insoluble precipitates by processes such as
chemical reduction and pH modification. Soluble contaminants such as heavy metals (in
particular hexavalent chromium) and possibly radionuclides may be treated in situ (Thornton
et al, 1991). Reagents are used which react with the metals to form relatively immobile
precipitates. The reagents have been used commercially to treat plating wastes ex situ and
include sodium sulfide and ferrous sulfate in a near neutral pH base. This combination of
reagents has been used successfully at Tinker Air Force Base, Oklahoma (Beller et aL., 1989)
to treat plating shop waste. Such an approach extrapolated for in situ application is
considered as an innovative process option.

A series of injection wells would be required to introduce the reagent(s) into the
groundwater in such a manner that the reagents become well mixed within the contaminated
plume.

Implementability. Implementability of this process option would be difficult with
regard to achieving adequate mixing of the reagents in situ. In situ injection and flow are
primarily plug flow processes and as such mixing would be difficult to achieve. Adequate
mixing would likely have to be accomplished by a recirculating extraction/injection scheme.
However, this poses difficulty of reinjecting water containing precipitates, i.e., aquifer
plugging problems may occur. Further development and testing are required to prove the
viability of the technique for in situ application.

Effectiveness. The approach described above has been validated by actual
application to plating shop wastes containing heavy metals such as hexavalent chromium,
cadmium, copper, and nickel (Beller et aL., 1989). The effectiveness of this approach for
treatment of groundwater contaminated with both heavy metals and radionuclides is uncertain
at this time due to the lack of specific in situ data. However, if it could be demonstrated
viable, the technical and cost benefits relative to conventional pump and treat approaches are
potentially very large. Therefore, in accordance with CERCLA FS guidelines regarding
consideration of innovative technologies, this approach is retained for further consideration in
the FS process.

Cost. The cost of this in situ treatment option using the sodium sulfide/ferrous
sulfate reagent is considered to be low relative to similar ex situ techniques (refer to chemical
reduction in Section 2.14.5) due to elimination of the need for a groundwater treatment plant.
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2.12 BIOLOGICAL TREATMENT

The following biological treatment methods are discussed below:

" Bioreactors
" Biodenitrification
* Biosorption.

2.12.1 Bioreactors

Applicability. Organically contamination in soils, riverbank sediments, and
groundwater.

General Description. Bioreactor technology refers to ex situ degradation of organic
contaminants by microbial metabolic processes. Bioreactors used for processing solids are
mixing vessels that blend cultured bacteria, nutrients, oxygen (if reactor conditions are
aerobic), and contaminated waste under controlled temperature, pH, and moisture conditions.
Aqueous waste bioreactors consist of reactor vessels containing an active bacteria population
in suspension. Studies using porous materials have been conducted; the bacteria adhere to
the porous materials thereby increasing their activity and available surface area. As the
contaminated water flows through the reactor, contaminants are consumed by bacteria.
Effluent from bioreactors may be discharged or removed for additional treatment.

Bioreactors enhance degradation by increasing the availability of contaminants and
nutrients to bacteria. Bioreactors maximize the rate at which bacteria can degrade organic
contaminants.

Implementability. Bioreactor technology is developed and commercially available
for remediation of organic contamination in the wastewater treatment industry (Busch 1971).
Bioreactors may be used to treat groundwater, soils, and riverbank sediments; however,
residence time in reactors may be long. Bioreactor technology is considered moderately
implementable for treatment of Hanford 100 Area groundwater, soils, and riverbank
sediments.

Effectiveness. Bioreactors are highly effective in treating organic contaminants
including halogenated materials, aromatics, and PCBs. Different types of soils (e.g. sand,
loam, clay) may be remediated in bioreactors. In addition, bioreactors may also be used to
treat fines, providing an advantage over other treatments such as soil washing.

The effectiveness of this technology is determined by the efficiency of mixing
components (bacteria, contaminants, and nutrients) and control of process variables (e.g.
temperature, pH, moisture content) (Bhattacharya 1992). Bioreactors are considered to be
highly effective for treatment of organically contaminated Hanford 100 Area soils, riverbank
sediments, and groundwater.
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Cost. The cost of implementing bioreactor technology is considered high in
comparison to other ex situ biological treatment techniques. The number of reactors required
would depend on the number of different waste streams to be treated and the process rate of
each waste stream. Maintenance and operating costs are high and consist of utility and
monitoring requirements.

2.12.2 Biodenitrification

Refer to "biodenitrification" under In Situ Biological Treatment, discussed in
Section 2.9.2.

2.12.3 Biosorption

Applicability. Heavy metal ionic contamination in groundwater.

General Description. Biosorption is an ex situ biological treatment process for the
removal of heavy metals from aqueous waste streams. The process is based on the natural
affinity of microorganisms, such as algae cells, for heavy metal ions (EPA 1990c). The
system functions on the same principle as ion exchange, except that the ion exchange resin is
composed of algae-silica material. As with typical ion exchange resins, the biological
exchange resin can be recycled (EPA 1990c). In contrast to present ion exchange
technology, hard water constituents and monovalent cations do not significantly reduce the
efficiency of binding heavy metal ions to the algae-silica material (EPA 1990c).

The process is generally applicable to removal of metallic ions from aqueous waste
streams that are "hard" or contain high concentrations of solids in solution. Specifically, the
process can remove heavy metals such as aluminum, cadmium, chromium, cobalt, copper,
gold, iron, lead, manganese, mercury, molybdenum, nickel, platinum, silver, uranium,
vanadium, and zinc (EPA 1990c).

Implementability. Biosorption is an innovative treatment, but process treatment
systems are commercially available (EPA 1990c). Mobile and stationary treatment
equipment has been designed and manufactured with treatment capacities ranging from 1 to
100 gallons per minute (gpm). Implementability of biosorption for treatment of Hanford 100
Area groundwater is considered difficult due to the limited operating history and low
demonstrated capacity.

Effectiveness. Biosorption technology is relatively new and performance
information is limited. The process has been successfully tested for remediation of mercury
contaminated groundwater (EPA 1990c). Treatability tests would be required to establish the
effectiveness of this process in removing heavy metal ions from Hanford 100 Area
groundwater.

Cost. The cost of biosorption treatment of Hanford 100 Area groundwater is
expected to be moderate in comparison with other biological treatment technologies. The
capital cost for such a treatment system is expected to be moderate; however, operating and
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maintenance costs are expected to be high due to the unproven status of the technology.
Spent biological exchange resins would require additional treatment that would increase the
cost of this treatment technology.

2.13 PHYSICAL TREATMENT

The following methods of physical treatment are discussed below:

" Ion exchange
* Evaporation: Passive
* Media filtration
* Flocculation
" Carbon adsorption
* Air stripping
" Reverse osmosis
" Ultrafiltration
" Electrodialysis
" Dissolved air flotation
" Sedimentation
" Steam stripping
* Evaporation: Forced
" Freeze crystallization
" Supported liquid membrane.

2.13.1 Ion Exchange

Applicability. Inorganic contamination, such as heavy metals and radionuclides, in
groundwater.

General Description. The ion exchange process binds ionic contaminants in
exchange for mobile ions of similar charge that are contained on organic resin beads or
powders, such as polystyrene, or on inorganic materials, such as zeolites. Both anions (e.g.,
nitrate) and cations (e.g., heavy metals, radionuclides) can be removed from solution by use
of appropriate ion exchange media. The process involves pumping the contaminated solution
through vessels containing ion exchange resins. Configurations and combinations of ion
exchangers containing either cation or anion resins (or mixes) may be specified to operate
either in series or parallel based on the volume of contaminated water to be treated. Resins
are chemically regenerated using concentrated salt or acid solutions which result in a
secondary waste requiring treatment.

Inplementability. Ion exchange is commercially available and proven for
radioactive wastewater treatment (RAAS 1991). The technology is used extensively at the
Hanford Site for radionuclide separation in nuclear material processing operations.
Pretreatment of the waste stream might be necessary to remove materials such as oils,
suspensions, colloids, and bacteria (Moghissi et al., 1986). Thus, for aqueous waste streams
with many contaminants such as those present at the Hanford 100 Area, ion exchange is
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considered easily implementable as a unit operation in wastewater and groundwater treatment
systems.

Effectiveness. Ion exchange is highly effective for removal of low concentrations of
ionic species (up to approximately 2,500 ppm) (RAAS 1991). Contaminants such as iron and
manganese can precipitate and foul the resin beds. Based on the information reported in
Section 2.0 of this report (Table B-1), ion exchange technology is considered to be a highly
effective unit operation in groundwater and wastewater treatment systems.

Cost. Cost of ion exchange is considered to be high relative to other physical
treatment technologies applicable to groundwater. Cost is influenced by the exchange media
required, the regeneration process required for the exchange media, as well as the volume
and condition of the stream requiring treatment. The key drawback of ion exchange is the
large quantity of waste from the regeneration process that would require additional treatment
for volume reduction and disposal. If the regeneration process is not used high costs
associated with disposal and replacement are incurred.

2.13.2 Evaporation: Passive

Refer to "Evaporation Ponds" under Wastewater Disposal, discussed in
Section 2.8.3.

2.13.3 Media Filtration

Applicability. Suspended solids in groundwater.

General Description. Media filtration removes solids from suspension by using
media, such as diatomaceous earth, to prevent clogging of porous filtration membranes by
fine particulates and suspended solids. Filtration is a common pretreatment step for most
other technologies such as ion exchange, membrane separation processes (e.g., reverse
osmosis, ultrafiltration), and carbon adsorption (EPA 1987). Media filtration may also be
used to dewater slurry or sludge byproducts from processes such as evaporation.

Implemnentability. Media filtration is commonly used in water treatment plants for
solids removal. This technology is considered easily implementable as either a pretreatment
operation or a concentration process.

Effectiveness. Media filtration is a highly effective method for removal of solids
from a liquid. The technology has broad application in a range of wastewater treatment
systems.

Cost. The cost of implementing this technology is low relative to other wastewater
treatment technologies. Media filtration is neither maintenance nor labor intensive.
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2.13.4 Flocculation

Applicability. Inorganic contamination, such as heavy metals and radionuclides, in
groundwater.

General Description. Flocculation is a physical process where inorganic
contaminants are coagulated by the addition of chemicals such as ferric chloride, aluminum
sulfate, and high molecular weight polymers into particles large enough to facilitate removal
(Freeman 1989). Flocculation is effective in removing suspended solids and has been used at
LANL as a unit operation for concentration of alpha-emitting radionuclides (DOE 1990f).
The process may be used in conjunction with other technologies such as precipitation and
filtration. Residue from this process requires secondary sludge treatment to reduce volume
and eliminate liquids for disposal.

Implementability. Flocculation systems are commonly used in the wastewater
treatment industry and have been installed for treatment of radioactive wastewater. The
process is moderately implementable due to the.need for additional treatment processes and
significant characterization of the waste stream.

Effectiveness. Flocculation is considered to be a moderately effective technology
for use as a unit operation in a Hanford 100 Area groundwater treatment system. The
process is typically used in conjunction with other processes as noted above.

Cost. The cost of this process is moderate relative to other physical treatment
technologies for groundwater due to the need for coagulating reagents. Treatability tests
would be required to determine types and dosages of flocculants, and both of these factors
directly influence cost.

2.13.5 Carbon Adsorption

Applicability. Organic contamination in groundwater and VOC contaminated
vapors.

General Description. Carbon adsorption is a treatment process used to remove
organic contamination from aqueous wastes and extracted vapors. Activated carbon
(processed to increase surface to volume ratio) possesses a natural affinity for adsorbing
organic constituents (EPA 1987). The activated carbon is "spent" when its adsorptive
capacity is depleted and can be regenerated or replaced. The process equipment consists of
granular activated carbon beds housed in cylindrical columns or disposable canisters. The
contaminated gas or liquid is fed through the media allowing adequate residence time to strip
contaminants (Corbitt 1990).

Implementability. Carbon adsorption is commercially available and is easily
implementable for organically contaminated groundwater and secondary gaseous effluent
from vapor extraction or air-stripping processes. The process could be implemented at the
Hanford Site 100 Area as a treatment for dissolved product in groundwater and as a
secondary treatment step for vapor extraction.
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Effectiveness. Literature indicates that the process is best applied to VOCs and
organic contaminants with the following physical properties: high boiling point, low
solubility, and low polarity (EPA 1987). Contaminants in the Hanford 100 Area media that
meet these characteristics include VOCs in soil and groundwater, and non-volatiles such as
tetrahydofuran. Overall carbon adsorption is considered moderately effective for removing
organic contaminants of concern at the Hanford 100 Area.

Cost. The capital cost of carbon adsorption is considered moderate relative to other
physical treatments options. A significant factor that influences cost is the regeneration of
spent carbon that requires steam-stripping and secondary treatment of contaminants.
Activated carbon replacement costs are incurred if regeneration is not feasible. These costs
are high and include disposal of the spent carbon. Overall, the cost of carbon adsorption for
treatment of Hanford 100 Area groundwater is considered moderate relative to other physical
treatment options.

2.13.6 Air Stripping

Applicability. VOC contamination in groundwater

General Description. Air stripping is a technique used to remove VOCs from
water by transferring the contaminants to an air stream. A stripping tower consists of a
cylindrical shell filled with either packing material or a series of perforated plates which
promote contact between the air and water streams and enhance the mass transfer of VOCs.
The waste stream flow is directed downward from the top of the tower, counter-current to
the air flow. The dissolved compounds diffuse out of the water into the air and exit from the
top of the tower. Depending on air emission requirements, the air leaving the system may
need to be treated with carbon adsorption or thermal treatment units.

Implementability. Air stripping is considered an easily implementable,
conventional technology. The process is well understood and has been implemented at many
remediation sites. Implementation of air stripping at the 100 Area would be suited to several
of the operable units where VOCs are contaminants of concern.

Effectiveness. Air stripping is highly effective for VOCs that have low water
solubility and high vapor pressure, but has limited effectiveness for other hydrocarbons.
Factors affecting design include: flow rate, contaminant versus effluent concentration
stripping ratio, contaminant type, and concentration. The extent of secondary treatment
processes required for the system would be dependent on water and air emission standards.

Cost. The cost of air stripping is influenced by the need for secondary treatment of
effluents to meet emission requirements. Costs for the secondary treatment would be
dependent on the replacement and handling of carbon units or costs for a thermal treatment
unit. Capital and operating costs of the stripping unit are expected to be low. Many
manufacturers produce the equipment in modular components for easy transport and
assembly. Minor costs would be experienced in maintaining the packing material through
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acid cleaning or replacement. Operating costs of the unit consist primarily of power costs
for the air blower.

2.13.7 Reverse Osmosis

Applicability. Low concentrations of inorganic contamination in groundwater and
wastewater streams.

General Description. The reverse osmosis process is the application of high
pressure to a concentrated solution, thereby forcing solvent (water) through a semipermeable
membrane (EPA 1987) that filters contaminants from the waste stream. This separation
process is used to remove all suspended solids and most dissolved minerals in the solution
(Moghissi et al., 1986).

Implementability. The technique is commercially available and implementable as a
unit operation in a Hanford 100 Area groundwater treatment system. The technology has
been applied in the nuclear power industry as a pretreatment step prior to evaporation and
solidification and could be used to concentrate Hanford 100 Area groundwater contaminants.
The process is moderately implementable due to the need for secondary treatment of both
concentrates and effluent.

Effectiveness. Reverse osmosis is a highly effective process for heavy metal and
mineral concentrations. The membrane can be fouled by some suspended solids or organics
and certain low solubility salts. Pretreatment would be required in such instances to
effectively operate this technology. The reverse osmosis concentrate, and potentially the
effluent, would require solidification prior to disposal.

Cost. The cost of reverse osmosis is considered high relative to other physical
treatment technologies for aqueous waste. Costs are determined by factors such as secondary
treatment of concentrate effluent (e.g., solidification, drying/calcination, vitrification), down
time associated with membrane fouling, and system capacity requirements.

2.13.8 Ultrafiltration

Applicability. Contaminated groundwater (high molecular weight contaminants,
greater than 100 grams/mole), and effluent from other treatment processes.

General Description. The ultrafiltration process is similar to reverse osmosis where
contaminated aqueous waste is forced through a membrane under pressure, trapping colloids,
suspended solids (Moghissi et al., 1986), and high molecular weight organic molecules. In
contrast to reverse osmosis, this process uses a lower operating pressure and a more porous
membrane, and is therefore less sensitive to fouling.

Implementability. The ultrafiltration process is commercially available and
implementable for aqueous waste streams as described above. Like reverse osmosis, the
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process is moderately implementable due to the need for secondary treatment of both
concentrates and effluent.

Effectiveness. Ultrafiltration is more effective than reverse osmosis for the removal
of colloids, suspended solids, and high molecular weight organic contaminants.
Ultrafiltration would not capture soluble species with molecular weights less than 100
grams/mole, thus the effluent would still contain contaminants such as cobalt-60, nitrates,
and strontium-90.

Cost. The cost of ultrafiltration is high relative to other physical waste treatment
technologies for groundwater, due to the need for secondary treatment for both concentrate
and effluent prior to disposal.

2.13.9 Electrodialysis

Applicability. Low concentrations of inorganic contamination in groundwater.

General Description. The electrodialysis process was first used to desalinize salt
water for potable purposes. Salts and minerals, in ionic form, are removed by a direct
current which induces ion migration through a plastic membrane (Corbitt 1990). The
electrodialysis process concentrates inorganic contaminants into a brine which may then be
treated further by evaporation and solidification.

Implementability. In principle, this technique would be applicable to Hanford 100
Area groundwater as an innovative application of a conventional technology. The technique
is not proven in complex systems containing radionuclides, and treatability tests would be
necessary to determine whether or not the technology is applicable to Hanford 100 Area
groundwater.

Effectiveness. Effectiveness of this treatment has not been determined for the types
of applications expected at the Hanford 100 Area. Treatability tests would be required to
determine effectiveness.

Cost. Assuming that the treatment is both implementable and effective, costs for
this treatment are of the same magnitude as other membrane filtration technologies, such as
reverse osmosis, although operating costs for electrodialysis are higher due to power
requirements.

2.13.10 Dissolved Air Flotation

Applicability. Fine solids or suspended solids in groundwater or other wastewater
streams.

General Description. Dissolved air flotation involves saturating an aqueous waste
with air then introducing the waste stream into a pressure reducing vessel. The reduced
pressure atmosphere forces air out of solution forming bubbles. Fine solids adhere to the
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bubbles, (an action that can be enhanced with froth forming agents), rise through the
solution, and are skimmed off to concentrate the contaminant fines.

Implementability. The process described above is actually a variation of a common
mining process in which metals are concentrated by froth flotation. The process is readily
implementable on waste streams containing entrained fine solids with densities close to that
of water (EPA 1987). Dissolved air flotation has limited application to Hanford 100 Area
groundwater because fines and suspended solids are not the primary contaminants. If another
treatment process produces such a waste stream, dissolved air flotation would become
implementable.

Effectiveness. The technology is effective, under limited circumstances, to aqueous
waste streams contaminated with fines or suspended solids having densities close to that of
water.

Cost. The cost of implementation is considered moderate due to the availability of
this technology in the mining industry. Operating and maintenance costs are also considered
low due to the capability of automating such a system.

2.13.11 Sedimentation

Applicability. Pretreatment of groundwater or process waste streams containing

large particles in suspension.

General Description. Sedimentation is a physical separation of particles entrained
in a liquid by inducing settling with gravitational or inertial forces (NRC 1981). Entrained

particles may include particulates, colloidal solids, and flocculent suspensions (Corbitt 1990).

Implementability. The sedimentation process is readily implementable and is
commercially available. This technology has limited applicability for the primary waste
streams at the Hanford Site.

Effectiveness. The sedimentation process is highly effective on waste streams
containing relatively large particles. However, the effectiveness for the contaminants of
concern in the waste streams, such as groundwater, at the Hanford 100 Area is limited.

Cost. The cost of sedimentation is low relative to other treatment technologies.
Sedimentation requires minimal energy, labor, maintenance, and capital costs.

2.13.12 Steam Stripping

Applicability. Organic contamination in groundwater, soils, and riverbank
sediments.

General Description. Steam stripping is an enhancement to air stripping (refer to
previous discussion under "air stripping") where steam is used to increase the efficiency of
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organic transfer from contaminated aqueous waste to a vapor phase. The liquid-vapor
extraction process occurs in a conventional air stripping packed or tray column using steam
instead of air as the extraction media. The contaminated liquid feed and steam travel
counter-current to each other resulting in an organic rich vapor and stripped liquid effluent.
The vapor may then be condensed to separate organics from water. Steam stripping may
also be used to strip adsorbed organics in media such as soil.

Implementability. Steam stripping is commercially available and would be an
implementable technology for Hanford 100 Area groundwater and soil contaminated with
organics. Other treatments would be required in conjunction with steam stripping, such as
incineration or carbon adsorption of the organic-rich vapors.

Effectiveness. Steam stripping is considered to be highly effective in the removal of
all contaminants that can be treated by air stripping and in addition, can also be used to
remove more soluble and less volatile contaminants.

Cost. The cost for steam stripping is much higher than air stripping due to
additional energy costs associated with steam and the energy required to heat the
contaminated media. As is the case with air stripping, this unit operation requires secondary
treatment before residues are in a final waste form. Such additional treatment also influences
the cost for this technology.

2.13.13 Evaporation: Forced

Applicability. Nonvolatile inorganic and organic contamination in groundwater, and
effluents from other treatment processes.

General Description. Forced evaporation is a volume reduction technique that
results in either a sludge or a concentrated solution of nonvolatile contaminants. The process
involves vaporization to separate the volatile solvent (water) from nonvolatile contaminants
such as heavy metals, suspended solids, and radionuclides (Moghissi et al., 1986).
Vaporization is induced by raising the temperature of the waste stream mechanically by
vapor recompression or in an evaporator. Vapor may then be separated, condensed, and
discharged. The sludge or concentrate can be solidified, dried, or calcined. Forced
evaporation is used extensively at Hanford in radioactive waste management.

Implementability. Forced evaporation is a moderately implementable,
commercially available technology that has been applied in the nuclear power industry
(Moghissi et al., 1986). Forced circulation evaporators in particular have been used
successfully to concentrate low purity liquid wastes with conductivity higher than 100
pmho/cm (Moghissi et al., 1986).

Effectiveness. Forced evaporation is highly effective in concentrating nonvolatile
contaminants into sludges or concentrated liquors. Contaminants such as tritium, iodine, and
krypton isotopes as well as volatile organics would vaporize and thus may require additional
treatment or pretreatment.
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Cost. The cost of forced evaporation is considered high relative to other physical
treatment technologies for groundwater. Key cost factors for application of this technology
include energy, materials for reactor vessels, and secondary treatment systems required for
disposal of sludges and concentrated liquors.

2.13.14 Freeze Crystallization

Applicability. Dissolved inorganic and organic contamination in groundwater.

General Description. Freeze crystallization concentrates solutes such as heavy
metals and partially soluble organics by selectively freezing contaminated water into pure ice
crystals. The ice crystals are mechanically separated, washed, and melted to produce clean
water. The remaining concentrate requires additional treatment prior to disposal (RAAS
1991). Processes such as evaporation followed by solidification for inorganics and phase
separation followed by incineration for organic contamination are examples of remediation
technologies used in conjunction with freeze crystallization.

Implementability. Freeze crystallization is an innovative approach for reducing the
volume of contaminated groundwater. The technology has not been applied to groundwater
remediation where contaminant concentrations are very dilute. Based on these considerations
freeze crystallization would be difficult to implement.

Effectiveness. The process may be capable of producing up to 99.9 percent
removal efficiencies from different types of waste water. The process has been tested for
metal-refinishing wastes, pickle liquors, acidic and basic solutions (Freeman 1989), paper
mill bleach solutions, organically contaminated wastewater (examples of contaminants: acetic
acid, methanol, aromatic compounds), arsenal redwater, and ammonium nitrate wastewater.
Tests on Hanford 100 Area groundwater would be required to determine the effectiveness of
freeze crystallization. The technology is considered to have limited effectiveness because
contaminants could remain in solution and be frozen and because of the difficulties associated
with eutectic mixtures.

Cost. The implementation of the freeze crystallization process would require
freezing thousands of gallons of water per minute in order to treat all the groundwater.
Secondary treatments such as incineration and solidification would be required. The cost of
this treatment is considered to be high relative to other groundwater treatment technologies
based on energy consumption and the need for secondary treatment systems.

2.13.15 Supported Liquid Membrane

Applicability. Dissolved inorganic contamination in groundwater.

General Description. Supported liquid membrane filtration is a variation of other
membrane separation processes such as reverse osmosis and ultrafiltration. A supported
liquid membrane consists of a micro-porous membrane containing a carrier (an organic
phase) held in place by capillary forces. Liquid membranes typically have higher diffusion

C-70



DOE\RL-92-11
Draft A

coefficients than do solid polymer-based membranes; therefore, higher flux rates can be
obtained. Carriers are used to increase membrane selectivity and currently, experimental
work is in progress to design carriers for specific applications.

Implementability. Supported liquid membrane implementability is uncertain at the
present stage of development. The technology has been used for desalinization and hydrogen
concentration. Work on more general classes of chemicals is still in the laboratory stage.
Field testing would be required to determine implementability.

Effectiveness. Due to the current level of development, the effectiveness of this
process as applied to the Hanford 100 Area contaminated groundwater is uncertain.
Treatability studies would be necessary to determine effectiveness.

Cost. The cost of implementing supported liquid membrane processes at the
Hanford 100 Area is uncertain due to the current level of development.

2.14 CHEMICAL TREATMENT (GROUNDWATER)

The following methods of chemical treatment are discussed below:

* Chemical oxidation
e Precipitation
* Tritium treatment
* Alkali metal dechlorination
* Wet-air oxidation
* Chemical reduction.

2.14.1 Chemical Oxidation

Refer to "Solid Waste Technology Descriptions" under Chemical Treatment,
discussed in Section 1.14.1.

2.14.2 Precipitation

Applicability. Inorganic contamination in groundwater.

General Description. Precipitation is an ex situ chemical treatment that reduces the
solubility of inorganic contaminants by pH adjustment and chemical reaction to produce
insoluble salts (EPA 1987). Such salts may then be concentrated by filtration technologies
(refer to various filtration processes described previously under Physical Treatment). In
general, heavy metals in ionic form, including radionuclides, are readily precipitated as
either sulfides (under acidic conditions) or hydroxides (under alkaline conditions) (Corbitt
1990). Precipitation is typically used in conjunction with other treatment processes such as
filtration, ion exchange, or flocculation.
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Implementability. Precipitation is a readily implementable, commercially available
treatment technology for removal of certain heavy metals and radionuclides from
contaminated groundwater and other secondary wastewater streams. The process is
considered moderately implementable at the Hanford Site for use in aqueous waste treatment
systems.

Effectiveness. Precipitation is an effective method of removing inorganic
contaminants that form insoluble salts (typically as hydroxides and sulfides); however, other
contaminants of concern in Hanford aqueous wastes such as tritium and isotopes of iodine do
not form precipitates. Also, lixiviating (chelating and complexing) agents can interfere with
the precipitation process (EPA 1987). Therefore, precipitation is considered to be
moderately effective in removing inorganic contaminants from Hanford 100 Area aqueous
waste streams.

Cost. The cost of precipitation is considered moderate relative to other chemical
treatment technologies for groundwater due to the need for additional treatment processes.
Contaminants that do not readily form precipitates would require other treatment options.
Also, removal and solidification of precipitate residues would be required.

2.14.3 Tritium Treatment

Applicability. Tritium contamination in groundwater.

General Description. A number of tritium enrichment techniques have been used in
the production of thermonuclear materials. These processes have been used to enrich and
concentrate tritium (Jacobs 1968). Examples include: electrolysis which involves dissolution
of water resulting in gaseous hydrogen, oxygen, and a concentrate containing tritium;
thermal diffusion where partial demixing of gases occurs due to a temperature gradient and
tritium migrates toward the cold region; and distillation, which is based on the principle that
the rate of escape of an atom from a liquid is inversely proportional to its mass.

Implementability. The volume of groundwater requiring treatment in relation to the
capacity of the tritium treatment systems make these process very difficult to implement.

Effectiveness. Very dilute tritium could possibly be concentrated by the processes
described above; however, sufficient enrichment of the tritium to allow unlimited general use
of the groundwater is uncertain. Therefore, the effectiveness of tritium separation is judged
uncertain for groundwater cleanup applications.

Cost. The groundwater macroengineering report indicates that disposal of tritium in
the PUREX Plant results in costs that are three orders of magnitude greater than NRC
guidelines for cost effectiveness (WHC 1991d). On this basis, tritium treatment costs are
judged to be extremely high relative to all other chemical treatment processes applicable to
groundwater.
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2.14.4 Wet-Air Oxidation (Supercritical Water Oxidation)

Applicability. Organic contamination in groundwater.

General Description. Organic contaminants may be oxidized to produce carbon
dioxide and water under conditions of elevated temperature and pressure. Two variations of
this technology are wet-air oxidation and supercritical water oxidation (presented in order of
increasing temperature and pressure). Operating conditions of temperatures up to 600*F and
pressures up to 200 atmospheres are necessary for wet-air oxidation (Min et al., 1991).
Organic contaminants may be partially oxidized to lower molecular weight compounds or
completely oxidized under these conditions. Supercritical water oxidation is similar to wet-
air oxidation, but uses a temperature and pressure above the critical point of water (705.5*F
and 218.3 atmospheres) (RAAS 1991). Most organic compounds are completely miscible in
the water fluid above the critical point, and this ensures thorough mixing for more complete
oxidation.

Implementability. Both wet-air (commercially available) and supercritical water
(innovative process) oxidation techniques are best used for heavily contaminated non-
halogenated aqueous waste streams that ensure self-sustaining reactions. Limited information
concerning organic contamination exists. Should characterization efforts indicate organic
contamination is present, this technology would be difficult to implement.

Effectiveness. Supercritical water oxidation is highly effective, yielding 99.99
percent oxidation efficiency for heavily contaminated waste streams (EPA 1987). Wet-air
oxidation is not as effective, but offers cost savings. The technology would not be effective
for the low concentrations such as those present at the Hanford 100 Area.

Cost. Wet-air and supercritical oxidation require reactor vessels capable of
withstanding elevated temperatures and pressures. The reactor must be constructed of
noncorroding material to prevent degradation by chemical attack. Both processes require
large amounts of energy to maintain operating conditions. Capital and operating costs are
considered high relative to other chemical treatment options.

2.14.5 Chemical Reduction

Applicability. Hexavalent chromium ion contamination in groundwater.

General Description. The hexavalent chromium species chromate and dichromate
are prevalent in Hanford 100 Area groundwater. Chemical reduction of hexavalent
chromium results in highly insoluble trivalent chromium compounds (Thornton et al., 1991;
Thornton, 1991). Reagents such as ferrous sulfate under acidic conditions have been tested
successfully for hexavalent chromium reduction. The work cited above proposed chromium
reduction as an in situ treatment. The work done to this point also indicates that competing
reactions in the presence of Hanford soils can be expected. For this reason, and due to the
innovative nature of this process, the evaluation of this technology is based on using the
process ex situ for groundwater under more controlled conditions.
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Implementability. Due to its similarity to other chemical treatments, chemical
reduction of hexavalent chromium is considered moderately implementable as an ex situ
process, but tests would be required to ascertain effects of other chemical species in
groundwater.

Effectiveness. The chemical reduction process is innovative. Significant laboratory
work has resulted in identification of several potentially useful reagents and operational
conditions. This technique is considered moderately effective due to limited work and the
lack of a large scale demonstration.

Cost. The costs for hexavalent chromium chemical reduction are considered
moderate relative to other chemical treatment technologies for groundwater, due to the need
for additional treatment processes, such as removal (by filtration) and solidification of the
resulting suspended solids.

2.15 SURFACE DISPOSAL

The following methods of surface disposal are discussed below:

e Surface discharge
* Columbia River
* Above-/below-ground tanks.

2.15.1 Surface Discharge

Applicability. Groundwater

General Description. Surface discharge refers to the disposal of groundwater into a
soil column. Historically, contaminated aqueous wastes were disposed to the soil column
which theoretically acted as an absorptive filter for organic contaminants. This past practice
has resulted in extensive soil and groundwater contamination and thus precludes its
application for disposal of contaminated liquids. However, surface discharge would be
applicable for the disposal of treated waste waters.

Implementability. Surface discharge of treated aqueous wastes may be
implementable at the Hanford 100 Area. This form of disposal has been used extensively in
past waste disposal practices and is well developed. Compliance with applicable regulatory
standards would be required for implementation of surface discharge disposal for treated
waste water. Public and regulatory acceptance is expected to be poor if the groundwater to
be discharged contains contaminants above MCLs. This method of disposal is not considered
implementable because the environment is not protected.

Effectiveness. Surface discharge is not an effective method of disposal for
contaminated groundwater since it does not protect the environment. Discharge of treated
groundwater may be acceptable if tritium decay in such a system is acceptable.

C-74



DOE\RL-92-11
Draft A

Cost. The cost of surface discharge is low. Excavation would be required for
construction of disposal facilities such as infiltration ponds. Inoperable disposal facilities
would typically be decommissioned and replaced by a new facility. Gravity operated flow
systems would not require operating resources and standard pumping systems would be
required on other flow systems.

2.15.2 Columbia River

Applicability. Groundwater

General Description. Discharge to the Columbia River is another disposal method
applicable only to treated groundwater. Historically, this method of disposal has been used
for discharge of reactor coolant water. This past practice disposal method has resulted in the
spread of contamination and thus precludes its application for the disposal of contaminated
liquids. However, discharge to the Columbia River would be applicable for the disposal of
treated waste waters which meet regulatory discharge standards.

Implementability. Discharge to the Columbia River of treated aqueous wastes
which meet regulatory standards is implementable at the Hanford 100 Area. This form of
disposal has been used extensively in past waste disposal practices and is well developed.
Compliance with applicable regulatory standards, such as the National Pollutant Discharge
Elimination System (NPDES) under the Clean Water Act (CWA), are required for discharge
of treated waste water to the Columbia River. Discharge of contaminated groundwater to the
Columbia River would not be acceptable since the practice would not protect the
environment.

Effectiveness. Discharge to the Columbia River would be an effective method of
disposal for treated waste water. The technique has been used effectively for disposal of
contaminated aqueous wastes in past waste disposal practices at the Hanford 100 Area. As
noted above, the practice would not be effective for disposal of contaminated groundwater.

Cost. The cost to discharge treated waste water to the Columbia River is low. This
disposal technique may require construction of outfall structures, similar to those used in past
disposal practices, or installation of a pipeline to the river. In either case, implementation of
such a disposal system is relatively inexpensive.

2.15.3 Above-/Below-Ground Tanks

Refer to "Above-/Below-Ground Tanks" under Wastewater Disposal, discussed in
Section 2.8.2.

2.16 SUBSURFACE DISCHARGE

The following subsurface discharge methods are discussed below:

9 Deep-well injection
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* Reinjection into aquifer
* Crib disposal.

2.16.1 Deep-Well Injection

Refer to "Deep-Well Injection" under Wastewater Disposal, discussed in Section
2.8.1.

2.16.2 Reinjection into Aquifer

Applicability. Groundwater

General Description. Reinjection into the aquifer refers to the disposal of treated
groundwater in an aquifer, or as proposed in the groundwater macroengineering study (WHC
1991d), injection of contaminated groundwater into a 200 Area aquifer to allow natural
attenuation and dilution of contaminants. In this FS, groundwater is assumed to be returned
to the unconfined aquifer beneath the 100 Area using injection wells or cribs.

Implementability. Injection well technology is well developed and considered to be
technically implementable. Institutional implementability would depend on adequate removal
of contaminants, acceptability of natural attenuation of tritium, and in the case of untreated
groundwater, the acceptability of groundwater disposal in an aquifer that may not be isolated
from receptors. Institutional implementability is considered difficult based on the acceptance
by regulatory agencies.

Effectiveness. Benefits of reinjection include control of the hydraulic gradient.
Groundwater could be effectively isolated in another aquifer.

Cost. The cost of reinjecting into the unconfined aquifer is moderate in comparison
to other groundwater disposal techniques. Injection well construction and pumping
requirements are the primary capital costs. Operating costs involve utility and labor
requirements for continuous operation. Periodic maintenance of injection wells and pump
replacement may also be required.

2.16.3 Crib Disposal

Applicability. Treated groundwater.

General Description. Crib disposal is a subsurface liquid discharge technique
which allows wastewater to percolate through the soil column to the groundwater. The
particles of the soil column essentially act as filters by adsorbing contaminants. A crib is
generally a large width, shallow concrete box, open at the bottom and typically filled with
rocks, sand, and/or gravel. Liquid is dispersed over the large area of rocks and allowed to
percolate down to groundwater.
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Implementability. Crib disposal is a well developed technology that has been used
at Hanford since the 1940s. Regulatory acceptance of this disposal technique is questionable;
however, crib disposal at Hanford would be easily implementable based on past experience
with the method.

Effectiveness. The effectiveness of crib disposal in protecting human health and the
environment is dependent on the contaminant concentrations present in the treated
groundwater. In general, crib disposal is considered to be highly effective for disposal of
treated groundwater.

Cost. The cost of implementing crib disposal for treated groundwater is judged to
be low in comparison to other subsurface discharge techniques. Construction of crib disposal
facilities involves excavation, concrete construction, rock emplacement, and installation of a
liquid dispersion system. Each of these activities is standard practice in the construction and
earth moving industry.

3.0 SOILS AND RIVERBANK SEDIMENTS TECHNOLOGY DESCRIPTIONS

3.1 ACCESS RESTRICTIONS

Refer to "Solid Waste Technology Descriptions" under Access Restrictions,
discussed in Section 1.1.

3.2 MONITORING

Refer to "Solid Waste Technology Descriptions" under Monitoring, discussed in
Section 1.2.

3.3 CAPPING

Refer to "Solid Waste Technology Descriptions" under Capping, discussed in
Section 1.3.

3.4 HORIZONTAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Horizontal Barriers,
discussed in Section 1.4.

3.5 VERTICAL BARRIERS

Refer to "Solid Waste Technology Descriptions" under Vertical Barriers, discussed
in Section 1.5.
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3.6 RUN-ON/RUNOFF CONTROL

Refer to "Solid Waste Technology Descriptions" under Run-On/Runoff Control,
discussed in Section 1.6.

3.7 REMOVAL

Refer to "Solid Waste Technology Descriptions" under Removal, discussed in
Section 1.7.

3.8 ON-SiTE DISPOSAL

Refer to "Solid Waste Technology Descriptions" under On-Site Disposal, discussed
in Section 1.8.

3.9 OFF-SITE DISPOSAL

Refer to "Solid Waste Technology Descriptions" under Off-Site Disposal, discussed
in Section 1.9.

3.10 IN SITU STABILIZATION/SOLIDIFICATION

The following methods of in situ stabilization/solidification are discussed below:

" Grout injection
* Vibration-aided grout injection
" Shallow soil mixing
* Fixants
" Vitrification
" Ground freezing
* Dynamic compaction.

3.10.1 Grout Injection

Refer to "Solid Wastes Technology Descriptions" under Grout Injection, discussed
in Section 1.10.1.

3.10.2 Vibration-Aided Grout Injection

Refer to "Solid Wastes Technical Descriptions" under Vibration-Aided Grout

Injection, discussed in Section 1.10.2.

3.10.3 Shallow Soil Mixing

Applicability. Contaminated soils and riverbank sediments.
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General Description. Shallow soil mixing (SSM) is an in situ method of mixing
soils and riverbank sediments with chemical compounds to produce a solidified mass. SSM
has been designed for applications up to 30 feet deep using a crane-mounted mixing head.
The mixing head blades are enclosed within a cylinder that opens to introduce soil. The
cylinder is closed, solidification additives are introduced, and the mixing head blades blend
the materials into a uniform mixture. The mixture is then discharged and the process is
repeated at an adjacent location until the entire site is treated. Negative pressure is
maintained in the mixing head cylinder to induce flow of dust and vapor into an air treatment
system.

Implementability. SSM technology is considered moderately implementable at the
Hanford 100 Area. The technology may prove especially useful for preparing an area for a
cover (refer to "capping" descriptions in Section 1.3) or for temporary stabilization of soils
prior to removal. The SSM process has been demonstrated to depths of 30 feet or more, but
may require site specific pilot testing to verify actual penetration depth at the Hanford 100
Area.

Effectiveness. The SSM process may not effectively contain contamination at
depths required at the Hanford 100 Area, but may be suited to shallow containment or in
conjunction with other capping technologies. The potential for weathering of the exposed
surfaces of the solidified mass should be considered. SSM could be used in conjunction with
other technologies such as caps to effectively contain contamination.

Cost. The cost of SSM is considered high relative to other in situ stabilization
technologies. SSM uses solidification compounds similar to other in situ techniques.
Operational costs would be a function of the size of contaminated sites to be stabilized.

3.10.4 Fixants

Applicability. Contaminated surface soils and riverbank sediments.

General Description. Fixants are in situ treatment methods to control fugitive dust
from contaminated areas. They may be applied to the surface of soils and riverbank
sediments to prevent airborne contamination and to suppress dust during operations, such as
excavation. Many types of resins, polymers, foams, and bituminous materials are available
for use as fixants. Application of fixants is a simple process utilizing readily available
equipment such as water trucks equipped with spray heads. These trucks are commonly used
for highway construction projects or for large scale construction operations where dust
control is required.

Implementability. Application of fixants is a common dust control method and can
be accomplished with readily available construction equipment. Fixants can be applied to
large areas and would be considered easily implementable at the Hanford 100 Area.

Effectiveness. Fixants are effective for short periods of time and are affected by
weather conditions, amount of traffic, and vegetation growth. The use of fixants is
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considered effective for short-term applications such as dust control during excavation. The
benefits of long-term contaminant control would not be satisfied and other containment
methods would be required. Fixants are considered to be ineffective for the Hanford 100
Area.

Cost. The cost of using fixants is considered low relative to other technologies.
The cost is dependent on the type of fixant selected with polymer fixants generally the most
expensive.

3.10.5 Vitrification

Refer to "Solid Wastes Technology Descriptions" under Vitrification, discussed in
Section 1.10.3.

3.10.6 Ground Freezing

Applicability. Contaminated soils and riverbank sediments.

General Description. Ground freezing is an in situ stabilization/solidification
technique for contaminated soils and riverbank sediments. The process can also be employed
to create a subsurface barrier in saturated soils or riverbank sediments (refer to "cryogenic
barriers" discussed previously). Moisture in soils and riverbank sediments may be frozen to
trap contaminants within the frozen zone. The frozen ground is significantly less permeable
to infiltration and also reduces the mobility of toxic contaminants.

Implementability. Ground freezing is an innovative technology. Hanford 100 Area
soils do not have sufficient moisture to stabilize contaminated areas and addition of water
could potentially mobilize contaminants. Therefore, ground freezing is judged not
implementable.

Effectiveness. Ground freezing for stabilization/solidification is a new application
of the technology. Based on experimental work, the approach is judged to be generally
ineffective for application at the Hanford 100 Area but may potentially be effective where the
contamination depth is shallow. Long-term effectiveness (even for shallow contamination),
however, is highly questionable and this application is judged not effective for application at
the Hanford 100 Area.

Cost. Ground freezing for stabilization/solidification purposes would be very
expensive. Capital costs for an extensive coolant circulation system are high. Operating
costs for maintaining soils and riverbank sediments in a cryogenic state for the entire
Hanford 100 Area would be moderate. The overall cost of ground freezing is judged to be
high for these reasons.
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3.10.7 Dynamic Compaction

Refer to "Solid Waste Technology Descriptions" under Dynamic Compaction,
discussed in Section 1.10.4.

3.11 IN SITU BIOLOGICAL TREATMENT

The following methods of in situ biological treatment are discussed below:

" Enhanced soil bioremediation
" Biodenitrification
" Land farming.

3.11.1 Enhanced Soil Bioremediation

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Enhanced soil bioremediation is an in situ biological
treatment process to remove organic contaminants from soils and riverbank sediments. The
treatment utilizes bacteria indigenous to the soil or bacteria that have been specifically
cultured to degrade particular contaminants. Nutrients added to the soil can stimulate growth
of indigenous bacteria and enhanced degradation capabilities. Bacteria specially cultured to
degrade a particular contaminant can be added to the soil in controlled quantities.

Enhanced soil bioremediation involves circulating water that carries nutrients or
cultured bacteria through the area of contamination. This water is typically allowed to
percolate into the contaminated site from the surface. Hydrogen peroxide may also be
injected as an oxygen source to sustain aerobic conditions. Residual products and additives
are then recovered for recirculation into the site and the process is continued until
contaminant concentrations at the site satisfy cleanup goals. The applicability of the
treatment would be controlled by the effective circulation of the nutrient or cultured bacteria
solutions. Barriers may be used to collect the percolated water for removal by extraction
wells. Otherwise, construction of infiltration trenches or subsurface drains may be required.

Implementability. Enhanced soil bioremediation is an innovative technology. The
process depends on the geologic and hydrologic characteristics of the site. These
characteristics must be favorable to the recirculation of nutrient or cultured bacteria
solutions. Ideal conditions include highly permeable soils and a relatively shallow
groundwater table.

Implementation of enhanced soil bioremediation would ultimately depend on the
presence of other contaminants within the soil. Inorganic contaminants such as heavy metals
and radionuclides could be leached from the soil during injection and introduced into the
groundwater. Regulatory acceptance of the methodology would need to be considered.
Enhanced soil bioremediation is considered difficult to implement at the Hanford 100 Area
due to the potential for spreading contamination into the groundwater.
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Effectiveness. Enhanced soil bioremediation has been demonstrated for remediation
of petroleum contaminated sites in California (Molnaa and Grubbs, no date). The process is
complicated and requires control of parameters including bacteria stimulation or
augmentation, temperature, pH, nutrient concentration, moisture content, and oxygen
availability. Treatability tests would be necessary to determine the effectiveness of this
treatment at the Hanford 100 Area. The method is most effective when the subsurface soils
are highly permeable, the soil to be treated is within 20 to 30 feet of the surface, and the
groundwater table is within 30 feet of ground surface (Molnaa and Grubbs, no date). The
effectiveness of this treatment technology is uncertain due to the depths of contamination and
groundwater at the Hanford 100 Area.

Cost. The cost of soil bioremediation is high relative to other in situ degradation
processes for soils and riverbank sediments. The capital costs for soil bioremediation system
include an extensive injection/extraction well system with pumps, filters, and solution holding
tanks. Operating costs result from utility requirements, continuous monitoring, and water
additives such as nutrients, bacteria, and hydrogen peroxide.

3.11.2 Biodenitrification

Refer to "Groundwater Technology Descriptions" under Biodenitrification,
discussed under Section 2.9.2.

3.11.3 Land Farming

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Land farming is an in situ biological treatment using bacteria
to degrade organic contaminants in soils. Bacteria indigenous to the soil or specially cultured
can be used depending on the soil characteristics. Nutrients added to the soil can enhance
degradation by indigenous bacteria. Cultured bacteria can be added to the soil in specified
quantities.

Land farming involves the aeration of soils by tilling while simultaneously adding
constituents required to induce and control biodegradation. These additives may include
nutrients such as nitrogen and phosphorus, bacteria (if necessary), moisture, and pH
modifiers. In situ land farming is limited to shallow contamination applications.

Inplementability. Land farming is an innovative technology and implementation is
limited by the ability to till soils. The process involves tilling contaminated soils to
incorporate additives and ensure the presence of sufficient oxygen. Thus, land farming is
only applicable to shallow contamination depths. In addition, land farming in the presence of
inorganic contaminants such as heavy metals and radionuclides could potentially spread
contamination to the groundwater or surface environment. Land farming is not considered
implementable at the Hanford 100 Area due to the depth of contamination and the potential
to spread contamination.
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Effectiveness. Land farming is a complicated process and requires control of
parameters such as bacteria stimulation or augmentation, temperature, pH, nutrient
concentration, moisture content, and oxygen availability. Treatability tests would be needed
to determine effectiveness of land farming at the Hanford 100 Area. However, due to the
depth of contamination and presence of heavy metals and radionuclides in soils and riverbank
sediments, this treatment technology is considered ineffective.

Cost. The cost of land farming is low in comparison with other in situ biological
treatment technologies. The process requires only occasional monitoring, tilling, and
incorporation of additives. Land farming is neither maintenance nor labor intensive.

3.12 IN SITU CHEMICAL TREATMENT

3.12.1 Soil Flushing

Applicability. Organic and inorganic contamination in soils and riverbank
sediments.

General Description. Soil flushing is an in situ treatment method similar to soil
washing. Soil flushing uses extractant agents to remove contaminants from soils or riverbank
sediments. Flushing agents may include water, surfactants, solvents, or detergents which
dissolve contaminants physically or agents which remove contaminants chemically such as
lixiviating agents, acidic/basic solutions, or reducing/oxidizing agents, whose effectiveness
may be enhanced by heat.

The soil flushing process is similar to leaching operations in the mining industry
where a solution is allowed to percolate through soil by gravity or forced injection.
Contaminants are released from the soil and carried in the flushing solution to the
groundwater. Contaminated flushing solution and groundwater are then recovered
downgradient through extraction wells. Recovered wastewater is treated to separate
contaminated flushing agents from clean water. Contaminated flushing agents can be treated
for reuse in the process or treated for disposal while clean water may be injected back into
the aquifer.

Implementability. Soil flushing is considered an innovative technology. Bench
scale, pilot plant, and field tests have been conducted for removal of organic and heavy metal
contaminants (Steude and Tucker 1991). Implementation of a soil flushing process at the
Hanford 100 Area is dependent on the characteristics of the soil and the underlying aquifer.
Soil and groundwater characteristics must be conducive to injection and extraction of flushing
solutions. Soil flushing has not received widespread regulatory acceptance because of the
need for injecting flushing agents and the potential for mobilization of contamination to the
groundwater. The process requires that mobilized contaminants be withdrawn from the
groundwater surface by extraction wells or galleries. Soil flushing is considered difficult to
implement based on these factors.
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Effectiveness. The effectiveness of soil flushing depends on the characteristics of
the soil and contaminants. Soil flushing is most effective for a single contaminant or multiple
contaminants with similar solubility characteristics. Difficulties involved with soil flushing
include limiting reactions to contaminants, monitoring and controlling progress, directing
treatment through the soil, preventing soil pore plugging, and meeting current requirements
for residual contaminant levels in treated soils. Treatability tests would be required to
determine the effectiveness of soil flushing for removing contaminants of concern at the
Hanford 100 Area. Due to the process difficulties described above, the effectiveness of soil
flushing is limited.

Cost. The large volume of contaminated soils and riverbank sediments in the
Hanford 100 Area may require multiple soil flushing systems operating in parallel. The
capital costs involved with soil flushing are expected to be moderate in comparison with
other in situ soil treatment technologies. However, costs associated with secondary treatment

equipment for contaminated flushing solutions would be significant.

Operating costs for soil flushing are expected to be moderate in comparison with
other in situ soil/sediment treatment technologies with the exception of flushing solution
costs. Continuous operation of injection/extraction wells and continuous wastewater
treatment would require frequent equipment maintenance, significant energy usage, and a
large supply of flushing agents.

3.13 IN SITU PHYSICAL TREATMENT

The following methods of in situ physical treatment are discussed below:

e Vapor extraction
* Steam stripping
e Soil flushing
e RF heating
* Electrical soil heating.

3.13.1 Vapor Extraction

Refer to "Groundwater Technology Descriptions" under Vapor Extraction,
discussed in Section 2.10.3.

3.13.2 Steam Stripping

Refer to "Groundwater Technology Descriptions" under Steam Stripping, discussed
in Section 2.12.12.

3.13.3 Soil Flushing

Refer to "Soil Flushing" under In Situ Chemical Treatment, discussed in Section
3.12.1.0
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3.13.4 RF Heating

Applicable Media. Organic contamination in soils and riverbank sediments.

General Description. Radio frequency (RF) heating is an in situ treatment process
where organic compounds are volatilized by radio frequency energy transmissions to the soils
or riverbank sediments. The technology is used to enhance the efficiency of contaminant
removal by other technologies such as vapor extraction. The energy flux supplied by RF
may be scaled from 2 to 45 megahertz depending on the application. A large energy flux is
required for thermal decomposition of semi-volatile compounds, moderate energy flux to
vaporize liquids, and low energy flux to provide a thermal driver for VOCs. The gases
driven out of the ground are collected on the surface with a vapor barrier or collection
system.

Implementability. RF heating is an innovative technology where electrodes placed
horizontally on the surface above a contaminated zone transmit radio waves through the soil
to contaminants. The technology is an unobtrusive method for enhancing migration of -

organic contaminants to the surface. Implementation of RF heating requires other
technologies, such as vapor extraction, carbon adsorption, or vapor incineration, for
collecting and processing the volatilized organic contaminants. RF heating is considered easy
to implement at the Hanford 100 Area.

Effectiveness. This technology has not been tested for applications similar to the
Hanford 100 Area. The maximum depth of radio frequency penetration that would
effectively volatilize organic contaminants is unknown. Moisture in the soil increases energy
flux requirements to volatilize both the moisture and contaminants. At this stage of
development, no definitive statement can be made concerning the effectiveness of RF heating
at the Hanford 100 Area. Treatability studies would be required to assess the effectiveness
of the process. However, RF heating is considered to have limited effectiveness because of
the depth of soil contamination in the 100 Area.

Cost. Cost for RF heating is considered to be high relative to other in situ physical
treatment options based on high energy needs and the necessity for separate collection and
treatment processes. Type of contaminants, soil moisture, and contamination depth all
influence the energy requirements of the process. RF heating is not a complete treatment
method and would require a collection system such as vapor extraction and a treatment
system such as carbon adsorption.

3.13.5 Electrical Soil Heating

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Electrical soil heating is an in situ soil treatment to extract
and destroy organic contaminants. The process is under development at Battelle Pacific
Northwest Laboratory (Stuede and Tucker 1991). The process occurs in two phases: soils
are first heated to remove moisture and volatilize organic contaminants; then the organic
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compounds are decomposed by reaction with superoxide radicals and ozone (created by an
air-ion system). Surface containment and subsurface vapor control are provided by an above
grade off-gas system.

Implementation. Electric soil heating is an innovative treatment process which has
been laboratory and bench-scale tested, with pilot-scale tests planned for 1992 (Stuede and
Tucker 1991). Bench-scale tests were performed using sands, clays, and loams, with
moisture contents ranging from 10 to 55 weight percent (Steude and Tucker 1991). Hanford
100 Area soils are mostly sand and cobbles with approximately 10 percent moisture by
weight. The results of these tests suggest electrical soil heating may be applicable to
Hanford 100 Area soils; however, treatability tests would be required to determine
implementability. The process is considered to be difficult to implement due to limited
operational experience.

Effectiveness. Laboratory and bench-scale tests have shown electrical soil heating
to be effective in removing and destroying organic contaminants such as trichloroethane in
sand. The maximum depth of contamination at which electric soil heating can be effectively
applied is unknown. Because of the limited operational experience, treatability tests would
be necessary to establish the effectiveness of the process. The technology is judged to have
limited effectiveness due to the depth of contamination in soils at the Hanford 100 Area.

Cost. Electrical soil heating systems require high capital output for power
generators (50-KW represents pilot-scale), off-gas collection systems, and off-gas treatment
systems. The operating costs are very high due to energy consumption requirements.
Overall, electrical soil heating is considered to be a very high cost process option in
comparison to other in situ physical treatment methods.

3.14 THERMAL TREATMENT

Refer to "Solid Waste Technology Descriptions" under Thermal Treatment,
discussed in Section 1.11.

3.15 STABILIZATION/SOLIDIFICATION

Refer to "Solid Waste Technology Descriptions" under Stabilization/Solidification,
discussed in Section 1.12.

3.16 PHYSICAL TREATMENT

The following methods of physical treatment are discussed below:

" Vapor extraction
" Soil washing
" Steam stripping.
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3.16.1 Vapor Extraction

Refer to "Groundwater Technology Descriptions" under Vapor Extraction,
discussed in Section 2.10.3.

3.16.2 Soil Washing

Applicability. Organic and inorganic contamination in soils and riverbank
sediments.

General Description. Soil washing is an ex situ treatment process that involves the
removal of contaminants from soils or riverbank sediments using combinations of
classification, mechanical scouring, and cleaning agents such as water, surfactants, and
detergents (EPA 1990c; RAAS 1991). The soil washing process is most effective when
contamination is concentrated in the fine fraction of soils. The fine fraction is separated for
secondary treatment or disposal while coarse materials are washed. The coarse fraction may
be rinsed, monitored for residual contamination, and returned to the site or recirculated
through the washing process. Contaminated soil fines may be separated from the cleaning
solution and treated for disposal by processes such as solidification or vitrification. The
contaminated cleaning solution may be treated for reuse in the process or treated for disposal
using processes such as ion exchange or precipitation. Physical washing of soil would use
water only. Physical soil washing may be enhanced chemically using lixiviants, acidic/basic
solutions, or reducing/oxidizing agents which promote dissolution of adsorbed contaminants.
If chemicals are used the process is referred to as chemical soil washing.

1mplementability. Soil washing is considered an innovative technology. Soil
washing systems are currently being developed and tested for removal of organic and heavy
metal contaminants (EPA 1989a; EPA 1990c). A smaller fraction of fines would remain for
disposal or secondary treatment. A soil washing process at the Hanford 100 Area is
considered moderately implementable but subject to treatability tests.

Effectiveness. The effectiveness of soil washing is dependent on the characteristics
of the soil and contaminants. Radionuclides, organics, heavy metals, and inorganic ion
contamination may be found in the Hanford 100 Area soils. Treatability tests would be
required to determine the effectiveness of soil washing for removal of the contaminants of
concern. The buffering capacity of soils can reduce the effectiveness of chemical soil
washing. Limited information on Hanford soils indicates a fairly high buffering capacity.
Although chemicals can be added to overcome this buffering capacity, the effectiveness of
the process is considered uncertain in the absence of treatability test results.

Cost. The large volume of contaminated soils and riverbank sediments at the
Hanford 100 Area may require multiple soil washing units operating in parallel. Soil
washing system capacities range from 6 to 40 tons of soil per hour (RAAS 1991). The
capital costs involved with soil washing are expected to be moderate in comparison with
other ex situ soil treatment technologies. However, additional treatment equipment for
contaminated cleaning solutions may significantly increase system costs.
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Operating costs for soil washing are expected to be moderate to high in comparison
with other ex situ soil treatment technologies. The large scale equipment required for this
process would be automated and therefore require a smaller labor force. The majority of
operating costs would result from utility requirements and replenishment of cleaning agents.
Maintenance costs would be a function of the operating requirements and life expectancy of
the system as well as the corrosivity of the contaminants and cleaning agents.

3.16.3 Steam Stripping

Refer to "Groundwater Technology Descriptions" under Steam Stripping, discussed
in Section 2.12.12.

3.17 CHEMICAL TREATMENT

The following methods of chemical treatment are discussed below:

* Chemical oxidation
e Soil washing
* Alkali metal dechlorination.

3.17.1 Chemical Oxidation

Refer to "Solid Waste Technology Descriptions" under Chemical Oxidation,
discussed in Section 1.14.1.

3.17.2 Soil Washing

Refer to "Soil Washing" under Physical Treatment, discussed in Section 3.16.2.

3.17.3 Alkali Metal Dechlorination

Applicability. Halogenated contaminants in soils and riverbank sediments.

General Description. Chemical dechlorination strips chlorine from organic
compounds by reaction with alkali metals or in the presence of a catalyst. Alkali metals
possess great affinity for chlorine or any halide. A new dechlorination reagent is referred to
as alkali metal/polyethylene glycols (A/PEG). A/PEG reacts rapidly to dehalogenate
compounds.

Catalysts may also be used under ambient conditions to substitute hydrogen for
chlorine but the process does not completely dechlorinate most organic chemicals. Catalysts
include nickel chloride in alcohol and platinum-based catalysts. Catalytic processes occur at
elevated temperatures and pressures (up to 375*C and 50 atmospheres).
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Implementability. The technology for alkali metal dechlorination is commercially
available for small applications. The technology is innovative and is considered moderately
implementable for soils and riverbank sediments.

Effectiveness. Dechlorination with an alkali metal is considered an effective method
for dehalogenating organic materials. The effectiveness is limited because most reagents are
reactive with water.

Cost. The costs associated with this technology are high due to safety and
packaging requirements. Capital costs for equipment and operating costs for reagents and
safety considerations are high.

3.18 BIOLOGICAL TREATMENT

The following methods of biological treatment are discussed below:

a Bioreactors
* Land treatment
e Biodenitrification.

3.18.1 Bioreactors

Refer to "Groundwater Technology Descriptions" under Bioreactors, discussed in
Section 2.11. 1.

3.18.2 Land Treatment

Applicability. Organic contamination in soils and riverbank sediments.

General Description. Land treatment is an ex situ biological treatment of organic
contaminants in soils. The treatment involves the use of bacteria to degrade organic
contaminants. Bacteria indigenous to the soil or specially cultured bacteria can be used
depending on the soil characteristics. Added soil nutrients promote the growth of indigenous
bacteria which enhances degradation. Cultured bacteria can be added to the soil in specified
quantities.

Land treatment involves excavating contaminated soils and placing the soil on a lined
treatment cell. This technique allows better control of treatment parameters such as depth of
soil and exposed surface area, temperature, nutrient concentration, moisture content, and
oxygen availability. The liner provides a barrier to contaminant migration, thereby
protecting the groundwater.

Implementability. Land treatment is an innovative technology that has been
demonstrated for remediation of petroleum contaminated sites (Molnaa and Grubbs, no date).
Implementability of land treatment for degradation of organic contaminants is based on the
depth of contamination and available space; the depth of contamination must be compatible
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with standard excavation practices and sufficient space must be available for placement on

the lined cell. Land treatment is considered moderately implementable at the Hanford 100
Area due to the availability of excavation techniques and treatment space.

Effectiveness. Land treatment is a complicated process that requires control of

parameters such as bacteria stimulation or augmentation, temperature, pH, nutrient
concentration, moisture content, and oxygen availability. Treatability studies to determine
effectiveness of land farming at the Hanford 100 Area would be required. Containment of
the treatment area is essential to prevent airborne mobilization of contaminants such as heavy
metals and radionuclides. Land treatment is therefore considered to have limited
effectiveness for treatment of Hanford 100 Area soils and riverbank sediments.

Cost. The cost of land treatment is low in comparison with other biological
treatment technologies. Lined treatment cells and process control additives are inexpensive.

Land treatment requires occasional tilling to incorporate nutrients and monitoring to ensure

process control and determine contamination concentrations. The process is neither
maintenance nor labor intensive.

3.18.3 Biodenitrification

Refer to "Groundwater Technology Descriptions" under Biodenitrification, discussed
in Section 2.11.2.
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APPENDIX D
100 AREA CONTAMINATED GROUNDWATER VOLUME ESTIMATES

Objective

To estimate the volume of contaminated groundwater in the 100 Area.

Sources

1. Jacquish, R. E. and R. W. Bryce, May 1990, "Environmental Monitoring at
Hanford for 1989," Pacific Northwest Laboratory, Richland, Washington,
Tritium and Nitrate plume maps, pp. 5.7 through 5.17.

2. Ammerman, J., "Scaled Map of the 100 Area," 1991, Westinghouse Hanford
Company (WHC).

3. Personal communication with Pacific Northwest Laboratory. Top of Ringold
Middle Member and water table contour maps were obtained from an
unpublished report.

Assumptions

1. Only groundwater above the top of the Middle Ringold Member is potentially
contaminated (the groundwater in the unconfined aquifer).

2. The tritium and nitrate plumes (due to their mobility) encompass all other
contaminant plumes.

3. The porosity of the Hanford Formation is 20%.

Conclusion

It is estimated that approximately 4.8 billion gallons of contaminated groundwater
lie beneath the 100 Area.

Methodology

The plume maps for both tritium and nitrate were projected onto a map of the
100 Area (Figure D-1). The degree of matching was very good; however, there was
some deviation near the southern end. This deviation was minimized by obtaining a best
fit of the shoreline for each reactor area prior to tracing the plume on the map.

Once the maps were properly aligned, each contaminant plume was traced onto
the map. The result combines individual contaminant plumes into a single composite
plume. The horizontal extent could then be estimated.
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An overlay grid with 1/4 kilometer spacing was used to calculate the horizontal

extent of each plume in Figure 1. The results for each reactor area are listed below.

Area Area Estimate (km2 )

100 B/C 1.0
Northeast of 100 B/C 2.3
100 N and 100 D/DR 8.8
100 H 1.2
100 F 16.5

Total 100 Area 29.8

Finally, the thickness of the contaminated groundwater was estimated. Figure D-2

is a contour map of the Top Surface of the Middle Member of the Ringold Formation.

Figure D-3 is a contour map of the water table. The potentially contaminated aquifer

lies between the top of Ringold Middle Member and the water table (Assumption 1).
By subtracting these surfaces, an aquifer thickness of approximately 10 feet was derived

throughout the 100 Area and along the Columbia River to the 300 Area. The two maps
have different scales (10 feet for the water table versus 100 feet for the Ringold
Member) and this difference may have introduced some error in the estimate of the

groundwater thickness.

Assuming a porosity of 20% for the Hanford Formation (Assumption 3), the
contaminated groundwater volume can be estimated from the following equation.

VOLUME (gallons) = AREA (ft2) * 10 ft * 7.48 gal/fe *0.20

The result is 4,800,000,000 gallons (641,000,000 ft or 23,700,000 yd 3) of
contaminated groundwater.

CONTAMINATED RIVERBANK SEDIMENT VOLUME ESTIMATES

Objective

To estimate the volume of contaminated riverbank sediments in the 100 Area.

Sources

1. Jacquish, R. E. and R. W. Bryce, May, 1990 "Environmental Monitoring at
Hanford for 1989," Pacific Northwest Laboratory, Richland, Washington,
Tritium and Nitrate plume maps, pp. 5.7 through 5.17.

2. Drawing H-1-52166, 100 Area Topographic Mapping," sheets 1 through 55.
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3. River stage information from conversations with Greg Rupert of the United
States Geological Survey, Water Resources Division, Pasco, Washington.

4. Ammerman, J., "Scaled Map of the 100 Area," 1991, Westinghouse Hanford
Company, (WHC), Richland, Washington.

Assumptions

1. Groundwater contaminants were distributed vertically through the soil as bank
storage increased (as the river flooded).

2. Since the beginning of Hanford operations, no groundwater-contaminated soil
has existed above the highest flood level.

3. No groundwater-contaminated soil exists below the minimum river level due to
dilution of contaminants.

4. The difference between maximum flood and minimum river level is constant
throughout the 100 Area, and equal to that at the recording station 2.6 miles
down-stream of Priest Rapids Dam.

5. The average bank slope calculated is correct for the extent of each
contamination plume.

6. Contamination exists where ever a contaminant plume intersects the Columbia
River.

7. The tritium and nitrate plumes encompass all other contaminant plumes due
to their mobility.

Conclusion

It is estimated that approximately 832,000 bank cubic meters of 100 Area
riverbank sediments are contaminated. Using a swell factor of 15%, this is 956,800 loose
cubic meters or 1.25 million loose cubic yards.

Methodology

The plume maps for both tritium and nitrate were projected onto a map of the
100 Area (Figure D-4). The degree of matching was very good; however, there was
some deviation near the southern end. This deviation was minimized by obtaining a best
fit of the shoreline for each area prior to tracing the plume on the map.

Once the maps were properly aligned, each contaminant plume was traced onto
the map. The result combines individual tritium and nitrate plumes into composite
plumes of contaminated groundwater. A single composite plume runs from the 100-N
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Area to the 100-D/DR Area. From these composite plumes, the face length of
contamination was then estimated.

The face length was estimated by marking off fractions of a kilometer along the
shoreline. A division of 100 meters (0.1 km) accurately matched the shoreline contour.
Points chosen along each plume near obvious landmarks (fence line intersections,
islands, etc.) were used for reference to the topographic maps (Reference 2). The 100
Area topographic mapping drawing (H-1-52166) was used to estimate the slope of the
beach near the river at each point. At least three slopes were calculated for each
composite plume (see Figure D-5). The slopes were then averaged for the composite
plume.

River stage information was obtained from the United States Geological Survey,
Pasco, Washington, for the maximum and minimum river elevations. The extremes are
local and occurred after the reactors began operation (circa 1943). The difference in
river stage is used as a basis for estimating the vertical extent of contamination in the
riverbank (see Assumptions 1, 2 and 3). The maximum river level occurred on June 12,
1948 at 432 feet, national geodetic vertical datum (ngvd). The minimum river level
occurred on November 3, 1985 at 396.53 feet (ngvd). The difference between the two
levels is 35.5 feet or 10.8 meters.

The cross sectional area of potentially contaminated riverbank sediments was
calculated as the area of a right triangle which has a height equal to the maximum flood
stage minus the minimum flow stage and a base calculated using the average bank slope
determined for each contaminant plume. A conservative five meters of additional
horizontal extent was applied to all areas except 100-K An exception was made at 100-
K for two reasons: 1) the K-reactors were not in operation at the time of the 1948
maximum flood; and 2) the bank slope is sufficiently shallow at 100-K that the resulting
estimate would be excessive. Data for these calculations are presented in Table D-1.

The volume of potentially contaminated sediments was estimated by multiplying
the area of the above triangular cross section, Figure D-5, by the riverbank distance
determined through the mapping exercise. The resulting volume is 832,000 cubic meters.
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Figure D-1. 100 Area Map: Contaminated Groundwater Calculations
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Figure D-2: Structural Top Surface of the Middle Member of the
Ringold Formation
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Figure D-4. 100 Area Map: Contaminated Riverbank Sediments Calculations
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Figure D-5. Riverbank Volume Calculation
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TABLE D-1. 100 AREA RIVER BANK SEDIMENT VOLUME CALCULATIONS

AREA

7OF

100 H

POINT RISE
(m)

A 5
B 9
C 7.5
D 7.5

E
F
G

3
8.5
8.5

6.5
14

17.5
17.5

10
6

2.5
2.5

5

7.5
5

10.5
6

100 D&DR H
I
I

100 N K
L
M4

100 KE&KW N
0
P

100 B&C Q
R
S
T

RUN

21
137

104.5
70

80
38
so

77
82
38
47
52
85

95
58

150

37
30
41
50

SLOPE

0.238
0.066
0.072
0.107

0.038
0.224
0.106

0.084
0.171
0.461
0.372
0.192
0.071

0.026
0.043
0.033

0.203
0.167
0.256

0.12

AVERAGE ANGLE LENGTH HEIGHT
SLOPE (dep) (m) (m)

0.121

0.122

DEPTH
(m)

6.88 595 10.82 89.662

6.98 120. 10.82 88.342

0.225 12.69 603. 10.82 48.056

0.034
1. 2.

1.96 205. 10.82 180. 0.

0.186 10.56 150. 10.82 58.058

TOTAL

ADD-D
(m)

TOTAL
ADD-H HEIGHT

(m) (m)

TOTAL
DEPTH

(m)
VOLUME

(WC3)

5. 0.603 11.423 94.662 321,704

5. 0.612 11.432 93.342 64,028

5. 1.126 11.946 53.056 191,091

0. 10.82 180. 199,629

5. 0.932 11.752 63.058 55,578

832,030

1. Due to the shallow slope, the calculated depth was 315.9 m. This distance c
2. Zero additional depth added to ensure no overlap with existing source units.

verlapped two source units and was therefore reduced to remove the overlap.

0

0
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100 AREA WASTE UNITS
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TABLE E-1. LIQUID EFFLUENT SYSTEMS IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

RETENTION BASINS

116-B-11 107-B retention basin 100-BC-1 1944-1968 450 x 230 x 24 Yes

116-C-5 107-C retention basin 100-BC-1 1952-1969 16 x 330 (diameter) Yes

116-D-7 107-D retention basin; 107-D 100-DR-1 1944-1967 467 x 230 x 24 Yes

116-DR-9 107-DR retention basin; 107-DR 100-DR-1 1950-1965 600 x 273 x -20 Yes

116-F-14 107-F retention basin; 107-F 100-FR-1 1945-1965 450 x 230 x 24 Yes

116-H-6* 183-H solar evaporation basins 100-HR-1 1973-1985 26,400 sq. ft. Yes

116-H-7 107-H retention basin; 107-H 100-HR-1 1949-1965 600 x 273 x 20 Yes

116-KE-4 107-KE retention basin; 107-KE 100-KR-1 1955-197i 25 x 250 (diameter) Yes

116-KW-3 107-KW retention basin; 107-KW 100-KR-1 1944-1970 29 x 250 (diameter) Yes

OUTFALL STRUCTURES

116-B-7 1904-BI outfall structure 100-BC-1 1944-1968 27 x 14

116-B-8 1904-B2 outfall structure 100-BC-i 1944-1968 27 x 14

132-C-2 1904-C outfall; 116-C-4 100-BC-i 1952-1969 Unknown

116-D-5 1904-D outfall structure 100-DR-1 1944-1967 60 x 24 Yes

116-DR-5 1904-DR outfall structure; 1904-DR 100-DR-1 1950-1965 27 x 14 Yes

116-F-8 1904-F outfall structure 100-FR-1 1945-1965 27 x 14

0
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TABLE E-1. LIQUID EFFLUENT SYSTEMS IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

PNL outfall 100-FR-1 ?-1963 Unknown

116-H-5 116-H-5 outfall structure; 1904-H 100-HR-1 1949-1965 27 x 14
outfall structure

116-K-3 1904-K outfall structure; 1908-K 100-KR-1 1955-present 32 x 32
outfall structure I I

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f
? Exact service dates unknown.
* RCRA TSD Unit
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TABLE E-2. LIQUID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE IHIGH PRIORITY
NUMBER _ UNIT DATES (feet) SITE

PLUTO CRIBS

116-B-3 105-B pluto crib 100-BC-I 1951-1952 10 x lox 11 Yes

116-C-2A 105-C pluto crib; 116-C-2 100-BC-2 1952-1968? 140 x 100 x 20

116-C-2B 105-C pluto crib pump station; 116-C-2-1 100-BC-2 1952-1969 10 x 8

116-C-2C 105-C pluto crib sand filter; 116-C-2-2 100-BC-2 1952-1969 23 x 16 x 6

116-D-2 105-D pluto crib 100-DR-1 1950-1952 lox lox 10 Yes

116-DR-4 105-DR pluto crib 100-DR-2 1952-1953 10 x 10 x 15

116-7-4 105-F pluto crib 100-FR-1 1950-1956? lox lox 10

116-H-4 105-H pluto crib 100-HR-1 1950-1952 4 x 4 x 2 Yes

DUMMY/PERF DECONTAMINATION CRIBS

116-B-4 105-B dummy decontamination french drain; 100-BC-1 1957-1968 20 x 4 (diameter)
105-B dummy decontamination disposal crib

i16-B-6A 111-B crib No. 1; 116-B-6-1 100-BC-1 1951-1968 12 x 8 x 15 Yes

116-B-6B 111-B crib No. 2; 116-B-6-2 100-BC-1 1950-1953 4 x 8 x 8 Yes

116-F-10 105-F dummy decontamination french drain; 100-FR-1 1948-1965 20 x 3 (diameter)
105-F dummy/perf decontamination crib

I 6-H-3 105-H dummy decontamination french drain; 100-HR-1 1950-1965 15 x 3 (diameter) Yes
perf decontamination drain

[71
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TABLE E-2. LIQUID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

108 BUILDING CRIBS

116-B-5 108-B crib 100-BC-i 1950-1968 84 x 16 x 10 Yes

116-B-10 108-B dry well; quench tank 100-BC-1 1950-1968 7 x 3 (diameter)

116-D-3 108-D crib #1 100-DR-1 1951-1967 5 x 3 (diameter) Yes

116-D-4 108-D crib #2 100-DR-1 1956-1957 5 x 3 (diameter) Yes

115 BUILDING CRIBS

116-KE-1 115-KE condensate crib 100-KR-2 1955-1971 40 x 40 x 26

116-KW-1 115-KW condensate crib 100-KR-2 1955-1970 40 x 40 x 26

117 BUILDING CRIBS

116-B-12 117-B crib 100-BC-1 1961-1968 lox lox 10

116-D-9 117-D crib; 117-D 100-DR-1 1960-1967 10 x 10 x 10 Yes

116-DR-8 117-DR crib 100-DR-2 1960-1964 10 x 10 x 10

116-F-7 117-F crib 100-FR-1 1960-1965 10 x 4 (diameter)

116-H-9 117-H crib 100-HR-1 1960-1965 10 x 10 x 10 Yes

MISCELLANEOUS CRIBS

116-DR-7 105-DR inkwell crib 100-DR-2 1953 5 x 5 x 10

116-F-5 Ball washer crib 100-FR-1 1953-1964? 10 x 10 x 10

116-KE-2 1706-KER waste crib 100-KR-2 1955-1971 16 x 16 x 32

Mi
$.
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TABLE E-2. LIQUID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER I UNIT DATES (feet) SITE

FRENCH DRAINS

116-B-9 104-B-2 French drain 100-BC-1 1952-1954 3 x 4 (diameter)

116-D-6 105-D cushion corridor French drain 100-DR-1 1961-1967 3 x 3 (diameter) Yes

116-F-li 105-F cushion corridor French drain 100-FR-1 1953-1965 3 x 3 (diameter)

116-F-12 148-F French drain 100-FR-1 1944-1964 6 x 3 (diameter)

I16-F-13 1705-F experimental garden French drain 100-FR-1 1952-1976 3 x 3 (diameter)

108-F French drain 100-FR-1 Unknown Unknown Yes

16-KE-3 105-KE storage basin French drain; 105-KE 100-KR-2 1955-1971 78 x 20 (diameter)
basin reverse well

I16-KW-2 105-KW storage basin French drain, 105-KW 100-KR-2 1955-1970 78 x 20 (diameter)
basin reverse well

120-KE-1 183-KE filter waste facility dry well; 100-KR-3 1955-1971 4 x 4 x 4
100-KE-1; 183-KE filter water facility

120-KE-2 183-KE filter waste facility French drain; 100-KR-3 1955-1971 3 x 3 (diameter)
100-KE-2; 183 KE filter water facility

120-KW-1 183-KW filter water facility dry well; 100-KR-3 1955-1970 4 x 4 x 4
100-KW-1

120-KW-2 183-KW filter water facility French drain; 100-KR-3 1955-1970 3 x 3 (diameter)
100-KW-2

C
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TABLE E-2. LIQUID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER I UNIT DATES (feet) SITE

LIQUID WASTE DISPOSAL TRENCHES

116-B-1 107-B liquid waste disposal trench 100-BC-1 1946-1955 200 x 30 x 15 Yes

116-C-1 107-C liquid waste disposal trench 100-BC-1 1952-1968 500 x 50 x 25 Yes

116-DR-1 107-DR liquid waste disposal trench #1 100-DR-1 1950-1967? 300 x 15 x 20 Yes

116-DR-2 107-DR liquid waste disposal trench #2 100-DR-1 1952-1967 150 x lOx 20 Yes

116-F-2 107-F liquid waste disposal trench 100-FR-1 1950-1965 300 x 50 x 15 Yes

116-H-1 107-H liquid waste disposal trench 100-HR-1 1952-1965 200 x 25 x 15 Yes

116-K-1 100-K crib; 100-K pond; 116-K-1 trench; 100-KR-1 1955 400 x 400 x ? at Yes
107-K pond; 107-K(E) sump top

105 STORAGE BASIN TRENCHES

116-B-2 105-B storage basin trench 100-BC-1 1946-1946 75 x 10 x 15 Yes

116-D-IA 105-D storage basin trench #1 100-DR-1 1947-1952 130 x 10 x 6 Yes

116-D-lB 105-D storage basin trench #2 100-DR-1 1953-1967 100 x 10 x 15 Yes

116-DR-3 105-DR storage basin trench 100-DR-2 1955 60 x 40 x 10

116-F-3 105-F storage basin trench 100-FR-1 1947-1951 100 x (10 to 20) x Yes
I I_ 1_ 1(8 to 11)?

t71
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TABLE E-2. LIQUID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE IGH PRIORITY
NUMBER UNIT DATES (feet) SITE

1608 TRENCHES

116-DR-6 1608-DR liquid disposal trench 100-DR-2 1953-1965 50 x 10 x 10

116-F-6 1608-F liquid waste disposal trench; 105-F 100-FR-1 1952-1965 300 x 100 x 10 Yes
cooling water trench

116-11-2 1608-H liquid waste disposal trench, 1608-H 100-HR-1 1953-1965 275 x 100 x 6 Yes
crib and trench

SLUDGE TRENCHES

116-B-13 107-B south sludge trench 100-BC-1 1952 50 x 50 x 10

116-B-14 107-B north sludge trench 100-BC-1 1948 120 x 10 x 10

107-D, 107-DR sludge disposal trenches 100-DR-1 1953-unknown 5 trenches

MISCELLANEOUS TRENCHES

116-F-i Lewis Canal 100-FR-1 1953-1965 3000 x 40 x 10 Yes

116-F-9 Animal waste leaching trench 100-FR-1 1963-1976 -500 x 15 x 10 Yes

EM bypass ditch 100-FR-1 1954-unknown 350 x unknown

Basin leak ditch 100-FR-1 1955-unknown 500 x unknown

116-K-2 100-K mile long trench; K trench; 116-K-2 100-KR-1 1955-1971 4000 x 45 x 15 Yes
trench

120-KE-3 100-KE-3; 183-KE filter water facility trench 100-KR-3 1955-1970 40 x 3 x 3

-3
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TABLE E-2. LIQUID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER j UNIT DATES (feet) SITE

MISCELLANEOUS LIQUID WASTE DISPOSAL UNITS

120-B-1 105-B battery acid sump 100-BC-i 1944-1969

120-D-i* 100-D ponds 100-DR-1 1977-present Yes

132-D-3 1608-D waste water pumping station; 1608-D 100-DR-1 1944-1965 20 x 20 x 36 Yes
effluent pumping station

132-H-3 1608-H waste water pumping station; 100-HR-1 1949-1965 36 x 34 Yes
116-H-8; 1608-H effluent pumping station

120-KE-8 165-KE brine pit 100-KR-2 1955-1971 16 x 10 x 10

120-KE-9 183-KE brine pit 100-KR-3 1955-1971 23 x 17 x 10

120-KW-6 165-KW brine pit 100-KR-2 1955-1970 16 x 10 x 10

120-KW-7 183-KW brine pit 100-KR-3 1955-1970 23 x 17 x 10

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f
? Exact information is unknown.
* RCRA TSD Unit
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TABLE E-3. SOLID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER I UNIT DATES (feet) SITE

105 BURIAL GROUNDS

118-B-1 105-B burial ground 100-BC-4 1944-1973 1000 x 321 x 20

118-C-1 105-C burial ground 100-BC-4 1953-1969 510 x 400 x 15

118-D-2 100-D burial ground #2 100-DR-3 1949-1970 1000 x 360 x 20

118-D-3 100-D burial ground #3 100-DR-3 1956-1973 1000 x 250 x 20

118-F-i Minor construction burial ground #2; burial 100-FR-2 1954-1965 600 x 500 x 20
ground #1; solid waste burial ground No. 2

118-H-1 100-H burial ground No. 1 100-HR-2 1949-1965 700 x 350 x 20

118-K-1 100-K burial ground; 118-K 100-KR-2 1953-1975? 1200 x 600 x 20

TRITIUM SEPARATIONS PROJECT BURIAL GROUND

118-B-6 108-B solid waste burial ground 100-BC-3 1952-1953 40 x 40 x 20

BIOLOGICAL BURIAL GROUNDS

118-F-5 PNL sawdust repository 100-FR-2 1954-1975 500 x 150 x IS

118-F-6 PNL solid waste burial ground 100-FR-2 1965-1973 400 x 200 x 20

ASH PITS

126-B-1 184-B power house ash pit; 188-B ash 100-BC-1 1944-1969 Unknown
disposal area

126-D-1 184-D powerhouse ash pit; 188-D ash 100-DR-1 1950-1960 Unknown
disposal area; 100-D ash disposal basin

126-F-i 184-F powerhouse ash pit; 188-F ash disposal 100-FR-2 1944-1965 Unknown
area

t71
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TABLE E-3. SOLID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER _UNIT DATES (feet) SITE

126-H-1 184-H powerhouse ash pit; 188-H ash 100-HR-2 1948-1965 Unknown
disposal area I

BURN PITS

128-B-1 100 B/C burning pit; 100-B burning pit 100-BC-1 1943-1950 100 x 100 x 10

128-B-3 100-B dump site 100-BC-i 1944-1968 450 x 60

128-C-1 100-C burning pit 100-BC-1 unknown 225 x 125

128-D-1 100 D/DR burning pit 100-DR-3 1944-1967 100 x 100 x 10

128-F-1 100-F burning pit; 100-F burning pit No. I 100-FR-2 1945-1965 100 x 100 x 10

128-F-2 Burning pit 100-FR-1 1945-1965 150 x 60

128-H-1 100-H burning pit; 100-H burning pit No. 1 100-HR-2 1949-1965 100 x 100 x 10

128-H-2 100-H burning ground #2 100-HR-2 Unknown-1965 120 x 80

128-H-3 100-H burning ground #3 100-HR-2 Unknown Unknown

128-K-1 100-K burning pit 100-KR-3 1955-1971 100 x 100 x 10

128-K-2 100-K construction dump 100-KR-3 unknown 800 x 280

STORAGE VAULTS/CAVES

118-C-4 105-C horizontal control rod storage cave 100-BC-2 1950-1969 1000 x 40 x 25

118-F-7 100-F miscellaneous hardware storage vault 100-FR-2 1945-1965 16 x 8 x 8

118-KE-2 105-KE horizontal control rod storage cave 100-KR-2 1955-1971 1000 x 40 x 25

118-KW-2 105-KW horizontal control rod storage cave 100-KR-2 1955-1971 1000 x 40 x 25

171
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TABLE E-3. SOLID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

BALL 3X BURIAL GROUNDS

118-B-5 Ball 3X burial ground 100-BC-1 1953 50 x 50 x 20

118-D-5 Ball 3X burial ground 100-DR-2 1954 2 - 20 x 40 x 10
each

118-H-4 Ball 3X burial ground 100-HR-2 1953 150 x 30 x 10

DEMOLITION SITES AND LANDFILLS

126-B-2 183-B clearwells 100-BC-1 never used 751 x 135

126-B-3 184-B coal pit 100-BC-1 1970's-present 400 x 225

126-D-2 184-D coal pit 100-DR-1 1970's-1986

126-DR-1 190-CR clearwell tank pit 100-DR-2 1970's-present 42 x 525

126-H-2 183-H clearwells 100-HR-1 1970's-present 751 x 135

126-K-i 100-K gravel pit 100-KR-2 1970's-present

MISCELLANEOUS SOLID WASTE DISPOSAL SITES

118-B-2 Construction burial ground No. I 100-BC-3 1952-1956 60 x 30 x 10

118-B-3 Construction burial ground No. 2 100-BC-3 1956-1960 350 x 275 x 20

118-B-4 105-B spacer burial ground 100-BC-3 1956-1958 50 x 30 x 15

118-B-6 108-B solid waste burial ground 100-BC-3 1952-1953 40 x 40 x 20

118-B-7 111-B solid waste burial site 100-BC-i 1951-1968 8 x 8 x 8
118-B-10 Pit 100-BC-i unknown 48 x 18

128-B-2 Sand blast disposal site 100-BC-1 unknown unknown

111
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TABLE E-3. SOLID WASTE DISPOSAL FACILITIES IN THE 100 AREA

WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER _ UNIT DATES (feet) SITE

118-D-1 100-D burial ground No. I 100-DR-3 1944-1967 450 x 375 x 20

li8-D-4 Construction burial ground 100-DR-3 1953-1967 600 x 200 x 20

118-DR-1 105-DR gas loop burial ground 100-DR-3 1963-1964 125 x 75 x 15

118-F-2 Burial ground No. 2; solid waste burial 100-FR-2 1945-1965 368 x 326 x 20
ground No. 1

118-F-3 Minor construction burial ground No. 1; 100-FR-2 1952 175 x 50 x 15
burial ground No. 3

118-F4 115-F pit; 115-F crib 100-FR-2 1949 10 x 10 x 10

120-F-1 Glass Dump 100-FR-2 9 30 x 8 x 4

118-H-2 H-1 loop burial ground; 100-H burial ground 100-HR-2 1955-1965 140 x 50 x 15
No.2

I18-H-3 Construction burial ground 100-HR-2 1953-1957 300 x 200 x 20

118-H-5 105-H thimble pit 100-HR-2 1953-1960 30 x 10 x 2

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f
? Exact information unknown.
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TABLE E-4. 100-N AREA WASTE UNITS

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER J UNIT DATES (feet) SITE

116-N-1* 1301-N liquid waste disposal facility; 1301-N 100-NR-1 1964-1985 125 x 290 x 12 w/
crib and trench 1600 extension

trench

116-N-2 1310-N chemical waste storage tank; the golf 100-NR-1 1964-present 900,000 gallons Yes
ball; 1310-N waste storage area

Il6-N-3* 1325-N liquid waste disposal facility; 1325-N 100-NR-1 1983-present 250 x 240 w/ 3000
crib and trench x 10 x 7 extension

trench

116-N-4 1300-N emergency dump basin 100-NR-1 1963-1973 130 x 80 x 15 (1)
1963-1987 (1)

116-N-8 163-N mixed waste and hazardous waste 100-NR-1 1986-present 152 x 60
container storage pad; 116-N-8 storage pad

118-N-1 100-N Area silos; 100-N Area spacer silos; 100-NR-1 1963-present 20 x 16 (diameter)
118-N

120-N-1 1324-NA percolation pond 100-NR-1 1977-pr'esent 29,000 sq. ft. Yes

120-N-2 1324-N surface impoundment 100-NR-1 1986-1988 140 x 75 x 15 Yes

120-N-3 163-N neutralization pit and French drain 100-NR-1 1963-1988 8 x 25 x 8 vault;
1963-present 4-6 diameter drain
(1) (1)

120-N-4 1310-N hazardous waste staging area; 1310-N 100-NR-1 1985-present 100 x 75
waste oil storage pad; 1310-N non-hazardous
waste pad

120-N-5 108-N/163-N transfer line neutralization pit 100-NR-1 1963-present 2- 6 x 6 x 10
vaults (1)

0
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TABLE E-4. 100-N AREA WASTE UNITS

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

120-N-6 108-N acid tank vent French drains 100-NR-1 1963-1988 5- 2 ft diameter
drains

120-N-7 100-N acid unloading facility French drain 100-NR-1 1963-1987 4 x 3 (diameter)
(1)

120-N-8 163-N sulfuric acid tank vent French drain 100-NR-1 1963-1988 4-6 (diameter);
depth unknown

124-N-1 124-N-1 septic tank; 100-N sanitary sewer 100-NR-1 1963-present 2300 gal/day; 200
system No. I sq. ft. infiltration

area

124-N-2 124-N-2 septic tank; 100-N sanitary sewer 100-NR-1 1963-present 2300 gal/day; 200
system No. 2 sq. ft. infiltration

area

124-N-3 124-N-3 septic tank; 100-N sanitary sewer 100-NR-1 1982-present 45 gal/day; 500
system No. 3 gallon cess pool

124-N-4 100-N sanitary sewer system No. 4; 124-N4 100-NR-1 1963-1987 14,000 gallon;
septic tank 8900 sq. ft.

infiltration area

124-N-5 100-N sanitary sewer system No. 5; 124-N-5 100-NR-1 1981-1987 3700 gallon; 960
septic tank sq. ft. infiltration

area

124-N-6 100-N sanitary sewer system No. 6; 124-N-6 100-NR-1 1979-1984 2000 gallon; 600
septic tank sq. ft. infiltration

area (800 sq. ft. in
(1))
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TABLE E-4. 100-N AREA WASTE UNITS

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE IHIGH PRIORITY
NUMBER UNIT DATES (feet) SITE

124-N-7 100-N sanitary sewer system No. 7; 124-N-7 100-NR-1 1984-1987 7500 gallon; 5500
septic tank sq. ft. infiltration

area

124-N-8 100-N sanitary sewer system No. 8; 124-N-8 100-NR-1 1983-1987 5000 gallon; 1650
septic tank sq. ft. infiltration

area

124-N-9 124-N-9 septic tank; 100-N sanitary sewer 100-NR-1 1985-present 3000 gallon; 3500
system No. 9 sq. ft. infiltration

area

124-N-10 124-N-10 sanitary sewer system; 100-N 100-NR-1 1987-present 50,000 gal/day
central sewer system No. 10

128-N-1 100-N burning pit; 128-N-1 burning pit 100-NR-1 1963-1989 unknown
1962-1986 (1)

130-N-1 183-N backwash discharge pond; 183-N filter 100-NR-1 1983-present
backwash pond; 126-N-1

South settling pond 100-NR-1 1977-1983 110 x 50 x 15 Yes

Source: DOE-RL 1991a; DOE 1990d,e
* RCRA TSD unit

(1) Information from DOE-RL 1991a and DOE 1990d,e differs.
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DOE\RL-92-11
Draft A

TABLE E-5. 100 AREA SANITARY SEWER SYSTEMS

WIDS NUMBER OPERABLE UNIT SERVICE DATES

1607-BI 100-BC-1 1944-1960

1607-B2 100-BC-i 1944-present

1607-B3 100-BC-1 1944-1974

1607-B4 100-BC-1 1944-present

1607-B5 100-BC-i 1944-1988

1607-B6 100-BC-i 1944-present

1607-B7 100-BC-i 1951-1969

1607-B8 100-BC-2 1951-1969

1607-B9 100-BC-4 unknown

1607-DI 100-DR-3 1944-1965

1607-D2 100-DR-1 1944-present

1607-D3 100-DR-2 1944-present

1607-D4 100-DR-1 1944-1968

1607-D5 100-DR-1 1944-present

1607-Fl 100-FR-2 1944-1960

1607-F2 100-FR-1 1944-1988

1607-F3 100-FR-1 1944-1965

1607-F4 100-FR-1 1944-1965

1607-15 100-FR-1 1944-1965

1607-F6 100-FR-1 1945-1975

1607-H1 100-HR-2 1948-present

1607-H2 100-HR-1 1949-1965

1607-H3 100-HR-2 1948-1968

1607-114 100-HR-i 1948-1965

1607-KI 100-KR-3 1955-present

1607-K2 100-KR-3 1955-present

1607-K3 100-KR-3 1955-1970

E-16
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DOE\RL-92-11
Draft A

TABLE E-5. 100 AREA SANITARY SEWER SYSTEMS

WIDS NUMBER OPERABLE UNIT SERVICE DATES

1607-K4 100-KR-2 1955-present

1607-K5 100-KR-3 1955-present

1607-K6 100-KR-2 1955-present

Source: DOE-RL 1991a

E-17
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TABLE E-6. MISCELLANEOUS WASTE UNITS IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE
116-C-3 105-C chemical waste tanks 100-BC-2 Never used 27,000 gal

118-C-2 105-C ball storage tank 100-BC-2 1969 5 x 6 (diameter)

130-D-1 1716-D gasoline storage tank 100-DR-1 1944-1968 1,000 - 4,999 gallon Yes
130-K-1 1717-K gasoline storage tank 100-KR-2 1955-1972 Unknown

130-K-2 1717-K waste oil storage tank 100-KR-2 1955-1972 Unknown

130-K-3 182-K emergency diesel oil storage 100-KR-3 1955-1971 17,500 gallons (2
tank; 182-K emergency cooling flow tanks)
diesel tank

116-KE-6A 1706-KE condensate collection tank; 100-KR-2 1986-present 96 gallon
1706-KE waste treatment system

116-KE-6B 1706-KE waste treatment system; 100-KR-2 1986-present 30 gallon
1706-KE evaporation tank

116-KE-6C 1706-KE waste accumulation tank; 100-KR-2 1986-present 550 gallon
1706-KE waste treatment system

116-KE-6D 1705-KE waste treatment system; 100-KR-2 1986-present 5 cu. ft.
1706-KE ion exchange column

120-KE-4 183-KEl sulfuric acid storage tank 100-KR-3 1955-1971 10,109 gallon
120-KE-5 183-KE2 sulfuric acid storage tank 100-KR-3 1955-1971 10,109 gallon

120-KE-6 183-KE sodium dichromate tank 100-KR-3 1955-1971 Unknown

00
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TABLE E-6. MISCELLANEOUS WASTE UNITS IN THE 100 AREA

WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH
NUMBER UNIT DATES (feet) PRIORITY

SITE

126-KE-2 183-KE liquid alum storage tank #2 100-KR-3 1955-1971 180,000 gallon

126-KE-3 183-KE liquid alum storage tank #1 100-KR-3 1955-1971 Unknown

130-KE-1 105-KE emegency diesel oil storage 100-KR-2 1955-1971 2,000 gallon
tank; 105-KE emergency diesel fuel
tank

130-KE-2 166-KE oil storage tank 100-KR-2 1955-1971 1,650,000 gallon

120-KW-3 183-KW1 sulfuric acid storage tank 100-KR-3 1955-1970 10,109 gallon

120-KW-4 183-KW2 sulfuric acid storage tank 100-KR-3 1955-1970 10,109 gallon

120-KW-5 183-KW sodium dichromate storage 100-KR-3 1955-1971 Unknown
tank

130-KW-1 105-KW emergency diesel oil storage 100-KR-2 1955-1970 2,000 gallon
tank; 105-KW emergency diesel fuel
tank

130-KW-2 166-KW oil storage tank 100-KR-2 1955-1970 1,650,000 gallon

Source: DOE-RL 1991a; DOE 1990a-f, DOE 1991a-f
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TABLE E-7. SUMMARY OF UNPLANNED RELEASES IN THE 100 AREA

UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY OF REMEDIAL ACTIONS
RELEASE WASTE RELEASED
NUMER 1-

UN-100-F- 3/13/1 Main sewer lines from 141-C to 4.0E-5 Ci Sr-90, 1.06E-6 Ci Pu-239 Area stabilized with clean gravel
141-M buildings became
plugged

UN-100-K-1 4/79 105-KE pickup chute area; no 450 gal/h for unknown period of fuel None
surface contamination storage basin effluent; soil beneath

basin estimated total activity of 2,530
Ci with 1.3 Ci of Pu-239

UN-100-N-1 3/27/74 Line leak resulted in release of 0.2 Ci of radioactive constituents Contaminated soil reading greater than
radioactive water to ground near 1,000 ct/min was removed; remainder
1304-N emergency dump tank covered with clean fill

UN-100-N-2 2/19/80 Leak in relief drain line from Primary coolant water containing less Line repaired; groundwater monitored;
FLV858 valve; area 17 x 17 x than I Ci beta/gamma; 10 gal/min accessible contaminated soil removed
10 feet was contaminated leak rate and covered with clean fill

UN-100-N-3 3/8/78 Leak in dummy fuel spacer Storage basin water; released Line repaired; contaminated soil
transfer line from fuel storage estimated 0.07 Ci Co-60, 0.8 Ci removed and area covered with clean
basin; contaminated area 2.5 Sr-90, 0.25 Ci Cs-137, 0.14 Ci fill
feet by 4 foot diameter CePr-144, 0.0004 Ci Pu-239, 1 Ci of

H-3; rate of 25 gal/min for about a
week

UN-100-N-4 5/7/77 Overflow of radioactive water Total activity of 0.5 mCi Most of the contaminated soil removed
from 1322-A sump; and replaced with clean fill
contaminated about 1,500 sq. ft.

UN-100-N-5 6/27/72 Leak in piping at radioactive 35 Ci total activity released including Contaminated soil reading greater than
chemical waste handling facility 26 Ci of Co-60 1,000 ct/min removed; remainder

I covered with clean fill
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TABLE E-7. SUMMARY OF UNPLANNED RELEASES IN THE 100 AREA

UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY OF REMEDIAL ACTIONS
RELEASE WASTE RELEASED
NUMBER

UN-100-N-6 9/10/85 Leak in 1.5-in line between 105- An estimated 0.2 Ci Co-60, 0.04 Ci Line repaired; ~590 cu. ft.
N and 1310-N resulted in Mn-54, 0.003 Ci Ru-103, and 0.003 contaminated soil reading 7,000 to
release of radiologicall Ci Cs-137 25,000 ct/min removed; excavation
contaminated water backfilled with clean soil

UN-100-N-7 4/29/85 Leak in buried 10-in drain line Radioactive effluent containing I Ci Adjacent groundwater wells had
between 105-N and 1304-N Na-24, 0.5 Ci Co-60, 0.09 Ru-103, increased levels of 1-131; -1,130 cu.

0.4 Ci Cr-51, 0.2 Ci Zr-95, 0.3 Ci ft. contaminated soil removed; area
Te-132, 0.3 Ci Mn-54, 0.1 Ci Nb- backfilled with clean soil
95, 0.5 Ci 1-131, 1.2 Ci Fe-59, 0.2
Ci Ce-141, 0.2 Ci Ce-144, 0.8 Ci
Tc-99

UN-100-N-8 5/11/75 Radioactive water was released Total activity was 0.5 mCi Most of contaminated soil removed and
from overflow at 1322-A sump replaced with clean fill
contaminating 25 sq. ft.

UN-100-N-9 10114/74 Leak in 119-N cooling water -500,000 pCi Valve and line repaired; contaminated
drain line and valve soils removed and area backfilled with

clean soil

UN-100-N-10 5/13/75 Contaminated water leaked to 0.001 Ci of mixed fission and Small dirt dam built to confine water
ground during removal of 105-N activation products within existing radiation zone
check valve

UN-100-N-11 10/2/75 East side of Highway 4 North; 1,000 mR where the bonnet hit the 8 cu. yd. of soil and 0.5 cu. yd. of
contaminated 500 lb valve road; 5,000 to 20,000 ct/min on 200 blacktop removed
bonnet fell onto the road, 8 cu. sq. ft. of road; 25,000 to 50,000 on
yd. of soil and a 30 x 1 foot surface of field adjacent to valve
strip of blacktop contaminated bonnet
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UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY OF REMEDIAL ACTIONS
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UN-100-N-12 2/27/79 Leak in spacer transport line; Readings of 50 to 100 mR/h; basin Line repaired; sink hole filled with
same location as UN-100-N-3 water released contained 0.19 Ci clean soil

Co-60, 0.4 Ci Cs-137, 0.00057 Ci
Pu-239/240

UN-100-N-13 9/24/73 Overflow of spent 100 gallon containing -0.011 Ci Contaminated soil packaged for removal
decontamination solution at or covered with clean fill
1314-N loading station
contaminated 20 sq. ft.

UN-100-N-14 8/5/74 Leak in 119-N drain system; 0.0008 Ci beta/gamma Soil reading greater than 1,000 ct/min
contaminated 800 sq. ft. removed; remaining soil covered with

clean fill

UN-100-N-15 3/20/81 108-N neutralization sump Sulfuric acid Acid neutralized with soda ash
transfer line leak; contaminated
less than 50 cu. ft.

UN-100-N-17 8/66 166-N diesel oil supply line leak Diesel oil Line repaired; oil near the river
collected in interceptor trench and
periodically burned

UN-100-N-18 8/73 Leak in diesel oil supply line Diesel oil Line excavated and repaired
between 166-N tank farm and
184-N day tank

UN-100-N-19 4/84 Overflow of 184-N day tank No. 6 fuel oil Oil removed from ground surface and
tank impoundment area cleaned up

UN-100-N-20 6/85 Leak in 166-N diesel oil return No. 2 diesel oil Line repaired; oil-contaminated soil
line removed; groundwater monitored

UN-100-N-21 4/25/86 Overflow at 184-N day tank No. 2 diesel oil Level annunciator repaired; 650 gallon
of oil removed; no oil detected in
groundwater
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RELEASE WASTE RELEASED
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UN-100-N-22 6/23/86 Leak in 184-N diesel oil supply No. 2 diesel oil Line rerouted; contaminated soil
line removed; oil detected in groundwater

UN-100-N-23 1/10/87 Leak in 184-N diesel oil supply No. 2 diesel oil Line excavated; oil detected in
line groundwater

UN-100-N-24 2/1/87 166-N fuel oil supply line leak No. 6 fuel oil None

UN-100-N-25 5/15/75 1310-N tank vented and released Primary loop water and Localized contamination covered with 6
reactor decontamination solution decontamination solution containing inches of soil
to the ground phosphoric acid and diethylthiourea

UN-100-N-26 12//78 Reactor decontamination Decontamination solution containing Remaining solution absorbed and sent to
solution backflowed during phosphoric acid and diethylthiourea 200 Area burial ground
pumping at the 1314-N load-out
facility

UN-100-N-29 4/23/74 Leaking check valve at 1304-N Primary coolant water containing Contaminated soil removed; area
dump tank released radioactive radioactive fission and activation covered with clean fill .
water to ground products, mostly Mn-56 and Na-24

UN-100-N-30 7/22/74 Overflow at the 1304-N dump Primary coolant water containing Contaminated soil stabilized in place
tank contaminated 2,500 sq. ft. radioactive fission and activation with sand and fines

products; maximum of 500 ct/min

UN-100-N-31 7/22/74 Spill of radioactive effluent at Radioactive effluent containing Contaminated soil removed; area
1301-N crib; contaminated area fission and activation products; gross covered with clean fill
-2,025 sq. ft. beta/gamma concentration was 700

dis/min/mL

UN-100-N-32 9/16/74 Leaking check valve at 1304-N Radioactive effluent containing Contaminated soil removed or covered
dump tank fission and activation products; mud with clean fill

sample read 20,000 ct/min; estimate
of less than 10 mCi of activity
remaining on ground
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TABLE E-7. SUMMARY OF UNPLANNED RELEASES IN TIE 100 AREA

UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY OF REMEDIAL ACTIONS
RELEASE WASTE RELEASED
NUMBER

UN-100-N-33 11/9/81 Acid spilled during transfer at 97% sulfuric acid; exceeded Acid was neutralized with sodium
108-N CERCLA requirement of 1,000 lb hydroxide and soda ash

for sulfuric acid

UN-100-N-34 5/12/80 Release of sulfuric acid during 94% sulfuric acid Acid in encasement neutralized with
transfer at 108-N 50% sodium hydroxide and pumped to

clearwell overflow; acid in surrounding
area neutralized with soda ash and

liquid sodium hydroxide

UN-100-N-35 11/86 Leakage from sub-basin (fuel Radioactively contaminated water Basin weir and drain line grouted and
storage) drain line containing 1.6 Ci Mn-56, 0.4 Ci Co- sealed off

60, 0.3 Ci Nb-95, 0.1 Ci 1-131, 0.4
Ci Cs-137, 0.3 Ci Ce-144; rate of 3
gal/min only during feed and bleed of
the fuel basin

Source: DOE-RL 1991a; DOE 1990d,e
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